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Precision agriculture continues to be prevalent within row-crop production. The purpose
of this study was to investigate the adoption status of precision agricultural practices among
selected row-crop (soybean, wheat, corn, cotton, peanuts, and rice) producers in Alabama,
Arkansas, Georgia, Louisiana, Mississippi, and Tennessee. Seventy-four percent of row-crop
producers surveyed in this study had adopted precision agricultural practices in their farming
operations. Eighty-three percent of respondents indicated they were using automated GPS
technology such as autosteer, 66% were using manual guidance such as lightbar, 63% variablerate prescription map, and 34% auto-sprayer boom section or nozzle control. The primary source
for receiving information relating to precision agriculture were agricultural dealerships,
extension, and crop consultants, respectively. In addition, the amount of acreage a producer
farmed was a statistically significant predictor of how many precision agricultural technologies a
producer adopted.
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CHAPTER I
INTRODUCTION
It was 4:30 a.m., April 12, 1861, when the first shots were fired at Fort Sumter, SC
setting the stage for the American Civil War (Barnes, 1952). Between 1861-1865, thousands of
men left their farming occupations either to join the Union or Confederate Army (Hassler &
Weber, 2020; Schmidt, 1930). It is estimated that over 2 million men were soldiers in the Union
Army; in comparison, over 1 million men were Confederate soldiers (American Battlefield Trust,
2020). Schmidt (1930) posited that the withdrawal of labor changed how farming was done by
forcing farmers to adopt technologies that were developed years before. Schmidt (1930) further
noted:
It was the Civil War decade that popularized these labor-saving devices. The
withdrawal of hundreds of thousands of men from the farm to enlist in the army
stimulated the use of such devices. The plow, the corn-planter, the two-horse
cultivator, the mower, the reaper, and the threshing machine rapidly overcame the
conservatism of the farmer who, confronted with the alternative of losing his crops
in the field for want of adequate labor supply, now became convinced of the utility
of these inventions when he saw it demonstrated, for example, that a reaper drawn
by a team of horses and operated by one man could cut from ten to twelve acres of
an ordinary stand of wheat in a day whereas a man with a grain cradle could by
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laborious effort cut but an acre and a half to two acres of wheat in the same length
of time. (p.588)
Some have argued that the Civil War was not an impetus to the rapid adoption of agricultural
machinery and that the adoption of such machinery would have occurred despite the war
(Cochran, 1961).
Like the Civil War, the innovation of tractors significantly impacted how agriculture was
practiced in the United States. Tractors were developed in the later part of the 19th century
(Martini & Silberberg, 2006; Duarte & Sarkar, 2009). Much of the early history of tractors can
be traced back to the development of steam engines. Martini and Silberberg (2006) described the
first tractors as being a vehicle that had a steam engine adapted for agricultural purposes. Early
steam and kerosene tractors saw a lag in adoption because they had several mechanical defaults,
were extremely heavy, and had little use beyond plowing and post-harvest threshing (Martini and
Silberberg, 2006).
However, as tractor technology improved in the early 20th century, tractors became more
efficient and reliable, resulting in a steady increase in the rate of adoption (Martini & Silberberg,
2006; Duarte & Sarkar, 2009; Stokey, 2021). Manuelli and Seshadri (2014) attributed the steady
growth of tractors from 1910 to 1960 to the improved quality of tractors overtime and to an
increase in wages which caused alternate sources of farm power “to become relatively
unprofitable to operate” because they were much more labor-intensive compared to tractors (p.
1368). In contrast, Gross (2018) pointed to the enhanced quality and general use or applications
of tractors as being the primary driver in the increased adoption of tractors. Gross (2018) further
stated, “the earliest models were suitable only for tillage and harvesting small grains, and only in
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the late 1920s did the technology begin to generalize for use with row crops such as corn, cotton,
and vegetables” (p. 24).
Even though there may have been several other factors that influenced the diffusion and
adoption of tractors, the one thing that is for certain is that tractors revolutionized how farming
was done. Tractors gave farmers the ability to cover more acreage with less labor, resulting in
farmers “treating large areas the same, the farmer spent less time in the field and covered more
acres per day” (Morgan & Ess, 1997, p. 3). Farmers now had the power to cover larger sections
of their fields and began to merge smaller fields into one (Shannon et al., 2018). As a result,
farmers experienced greater productivity and less reliance on draft power (Hunt, 2001; Morgan
& Ess, 1997). Today, another revolution is radically changing the way farming is done. The
adoption of precision agriculture is allowing a number of farmers to manage fields in smaller
areas or units. The objective of this dissertation was to explore the adoption trends of precision
agriculture among selected row-crop (soybean, wheat, corn, cotton, nuts, sweet potatoes, and
rice) producers in Alabama, Arkansas, Georgia, Louisiana, Mississippi, and Tennessee.
Problem Statement
Although the adoption literature concerning precision agriculture technologies continues
to be prevalent, adequate literature is not available to sufficiently explain the recent adoption
trends of precision agriculture among row-crop producers in the southern United States. Hudson
and Hite (2001) and Money et al., (2010) are some of the earliest adoption studies to be
exclusively conducted in the southern United States. Hudson and Hite (2001) surveyed row-crop
producers about their use and perceptions of precision agricultural technologies. Hudson and
Hite (2001) also found that row-crop framers at that time had primarily adopted soil sampling
and precision agricultural analysis techniques. However, Hudson and Hite (2001) also found that
3

other precision agriculture technologies such as GPS guidance and variable rate applications
remained low at that time.
Poindexter (2018) conducted a similar adoption study where he surveyed row-crop
producers’ use of auto-steer in two of Mississippi’s largest farming regions—the Hills and Delta,
finding that farm size and age had a considerable influence on the adoption of auto-steer among
row-crop producers in Mississippi. Other adoption studies have included states in the Southeast
in their analysis (Edge et al. 2018; Erickson et al., 2017), but their focal populations were not
exclusively farmers in those states. To date, little empirical evidence exists that described the
different precision agricultural practices being used, how those practices are being used, and why
those practices are being used among row-crop producers in Alabama, Arkansas, Georgia,
Louisiana, Mississippi, and Tennessee.
Purpose of the Study
The purpose of this study was to investigate what precision agricultural practices selected
row-crop (soybean, wheat, corn, cotton, peanuts, and rice) producers have adopted in Alabama,
Arkansas, Georgia, Louisiana, Mississippi, and Tennessee. The following were the specific
research objectives for this dissertation:
1. Describe producers’ characteristics by farm size and type of crop harvested.
2. Describe producers’ perceptions toward precision agriculture.

3. Describe producers' adoption of precision agriculture as a percentage.
4. Determine the diffusion of precision agriculture among row-crop producers to
categorize adopters of precision agriculture based on their innovativeness
(innovators, early adopters, early majority, late majority, and laggards).
4

5. Predict the interaction between adopters and non-adopters of autosteer by the
variables of farm size and age and row crop producers.
6. Predict the likelihood of farmers classified as adopters or non-adopters of
precision agriculture by the variables of farm size and age and row crop
producers.
7. Predict the number of precision agricultural technologies adopted by row-crop
producers based on the variables of farm size, age, and perceived innovations
attributes (relative advantage, compatibility, complexity, observability, and
trialability).
Significance of the Study
This dissertation will make an original and substantial contribution to precision
agriculture adoption literature. Historically, adoption research has focused on a specific crop
population (Lavergne, 2006; Money, 2010; Edge et al.,2018) or a specific precision agricultural
technology (Poindexter, 2018) when investigating the adoption of precision agriculture
technologies. This study, however, will not be limited to just one specific crop harvested or
population, but it will investigate the adoption of precision agriculture among multiple row-crop
producers. Second, information produced in this dissertation can be used by policymakers,
educators, and extension agents in Mississippi to build and strengthen precision agricultural
curricula and outreach programs. Third, this study will provide vital insights for future
researchers that desire to investigate barriers and benefits small, medium, and large farms face
when adopting precision agriculture, or why some producers have adopted precision agriculture
technologies faster than others in the Southeastern United States.
5

Limitations
Several limitations exist within this study that constrains the generalization of its results.
Information was collected from participants of the Mississippi State University Extension 2021
Row Crop Short Course, the Tri-State Soybean Forum, the National Black Growers Council
Annual Meeting, Auburn University’s Extension 2022 Alabama Row Crops Short Course, US
FARM DATA, and Mississippi Agricultural and Forestry Experiment Station (MAFES) mailing
list, resulting in the findings being unable to be generalized beyond this population. Moreover,
since a random sample could not be established from the sampling frame identified above, the
researcher resorted to taking a convenience sample, which further reduced the generality of the
study’s findings. The final limitation of this study was that information collected from
individuals depended on respondents accurately recalling information regarding their use of
precision agriculture. Rogers (2003) indicated that one of the limitations of diffusion research is
that it often requires individuals to look “back in time”, which may produce biased or inaccurate
information based on the ability of individuals to properly recall information (p.112).
Assumptions
The following are assumptions made regarding this dissertation:
1. The instruments used to investigate the variables in this study were reliable and
accurately measured the intended construct.
2. Participants in this study provided truthful and accurate information on their decision
to implement or not implement precision agriculture technologies.
3. Participants who partook in this study had no bias towards precision agriculture.
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4. The US FARM DATA agricultural and Mississippi Agricultural and Forestry
Experiment Station (MAFES) mailing list contained accurate and actual farm
information farms for growers operating in Mississippi.
5. The participants of Mississippi State University Extension 2021 Row Crop Short
Course, Tri-State Soybean Forum, National Black Growers Council Annual Meeting,
and Auburn University Extension 2022 Alabama Row Crops Short Course had
farming operations in Alabama, Arkansas, Georgia, Louisiana, Mississippi, and
Tennessee.
6. Many farms in the United States may have several stakeholders (O’Donoghue al.,
2011); however, this study assumed that data collected from producers represented
individual farming operations.
Definition of Key Terms
Adoption: An individual or organization's acceptance or rejection to implement,
discontinue, or modify an innovation (Kee, 2017).
Agricultural Retailers: Can be considered as agronomic retail input suppliers, consultants,
and agronomic equipment dealers/dealerships.
Diffusion of Innovation: The theory that describes the process that arises when people
decide to implement a new technology, practice, or philosophy (Kaminski, 2011).
Farms: The USDA defines a farm as any operation that receives a minimum of

$1,000

in revenue from the sale of any agricultural commodity (O’Donoghue et al., 2011).
Innovation: Any item, philosophy, practice, or program that is considered new to
potential adopters (Kee, 2017).
7

Precision Agriculture: A management methodology that employs information technology
to collect, process, and analyze temporal and spatial data for the purpose of decisionmaking in an agricultural operation (Lowenberg-DeBoer, & Erickson, 2019; Shannon et
al., 2018).
Precision Agriculture Technologies: Precision agriculture technologies are electronic
information innovations that are used to collect spatial and temporal data to aid in the
decision-making process of a farming operation (Griffin, 2016; Lambert et al., 2015;
Shannon et al., 2018; Kolady et al., 2021).
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CHAPTER II
LITERATURE REVIEW
Introduction
The purpose of this chapter is to provide a review of literature that outlines the diffusion
of innovations theory, adoption, and precision agriculture. The primary framework guiding this
literature review is the theory of diffusion of innovation. The first section of chapter two will
discuss the underlying theory that undergirds this study. The second section will highlight the
literature concerning the adoption of precision agriculture in light of Rogers’ (2003) five stages
of the decision-making process (knowledge, persuasion, decision, implementation, and
confirmation) individuals make when they decide to adopt or reject a given innovation.
Theoretical Framework
The diffusion of innovations theory can be defined as the process that arises when a unit
of adoption [individual or organization] decides to implement or reject a new technology,
practice, or philosophy (Kaminski, 2011). According to Rogers (2003), diffusion can be defined
as: “the process by which an innovation is communicated through certain channels over time
among the members of a social system” (p. 35). In comparison, adoption is considered a decision
made by an individual or organization to accept, modify, reject, or discontinue a given
innovation (Kee, 2017). Diffusion and adoption are commonly used interchangeably within the
research literature.
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Kee (2017) stated that diffusion and adoption are not interchangeable by indicating “the
two are different levels of processes” (p. 1). Wilkinson (2011) described the difference between
adoption and diffusion by stating that adoption is the uptake or use of technology and diffusion is
the process of spreading a technology “over space through time” (p. 40). In other words,
diffusion is the process that describes the factors that led to the acceptance or rejection of
innovations and adoption is the process that describes if an innovation has been specifically
accepted or rejected.
Rogers (2003) posited that “innovation”, “communication channel”, “time” and a “social
system” are the four fundamental elements of the diffusion of innovations theory (p. 11). To
grasp this theory, each fundamental element must first be defined. First, Kee (2017) described
innovations as any item, philosophy, practice, or program that is novel to potential adopters.
Even though an innovation may have already existed, if adopters perceived a given innovation to
be new, as noted by Sahin (2006), it is considered an innovation. To put it another way, if a
person has never interacted with a given technology, idea, or practice, the first time they come in
contact or use the technology or practice, it would be considered to them an innovation— even if
that innovation had exited for several years.
The second fundamental element of diffusion of innovation theory is communication
channels. Rogers (2003) defined communication channels as the methods that individuals use to
develop and disseminate information to achieve a common understanding. Within agriculture,
Wilkening (1962) identified the major organizations or agencies of communication:
1. Educational and service agencies: the colleges of agriculture, including the
extension services, state departments of agriculture, vocational agriculture

10

classes, adult classes, Soil Conservation Service, and other state and federal
agencies.
2. The mass media: farm magazines, farm papers, newspapers, widely distributed
circulars or pamphlets, radio, and television.
3. Buying and selling firms (private and cooperative): farm machinery, equipment,
and supply dealers, purchasing or marketing firms, and road salesmen.
4. Other farmers: neighbors, friends, and other farmer contacts. (p.40-41).
Much of what Wilkening (1962) identified as major communication organizations
remains true in the 21st century. The only major addition to the agricultural
communication channel has been the internet and social media (Rogers, 2003; GraybillLeonard et al., 2011; Colussi & Schnitkey, 2021).
The third fundamental element of diffusion of innovation theory is time. Time can be
thought of in three dimensions (Kaminski, 2011; Rogers, 2003). First, the period when a unit of
adoption goes from its initial knowledge of an innovation to its adoption or rejection of that
innovation; second, the “innovativeness of an individual or other unit of adoption (that is, the
relative earliness/lateness with which an innovation is adopted) compared with other members of
a system” (Rogers, 2003 p. 20); third, the rate in which it takes a particular innovation to be
adopted within a social system. The last main element in the diffusion of innovation research is
the social system. The social system is described as the set of interrelated people or units
involved in the adoption of an innovation process (Kaminski, 2011; Rogers, 2003).
Diffusion research is not new to agricultural research. Kee (2017) claimed diffusion of
innovation research can be traced back to a French sociologist. Kaminski (2011) also suggested
that diffusion research began with a French sociologist; however, Kaminski (2011) proposed a
11

later date of 1903. Rogers (2003) proposed an even later time where he identified the period of
the 1940s and 1950s as the genesis for diffusion research. Nevertheless, all three authors agree
that the landmark diffusion research which laid the foundation for the modern-day theory of
diffusion of innovations was that of Ryan and Gross (1950), who investigated the diffusion and
adoption of hybrid corn seed that was universally adopted by two Iowa farming communities
within 10 years of its initial introduction.
The most recognizable diffusion research came during the 1950s with Everett Roger’s
dissertation research that analyzed the diffusion of 2-4-D weed spray; this research later became
the foundation of Rogers 1962 Diffusion of Innovations book (Dearing & Singhal, 2006).
Diffusion of Innovations was globally adopted, and since its initial publication, it has had five
editions (Dearing & Singhal, 2006). In the book, Rogers (2003) laid out a comprehensive
understanding of the diffusion process. He highlighted that when individuals decide to adopt an
innovation, the adoption of the innovation initially begins with a few risk-takers and
technological enthusiasts, and it then spreads to influential individuals in a social system. It then
moves on to the majority of the individuals within the social system, subsequently moving on to
individuals that are skeptical and cautious about adopting new ideas. Over time, the innovation
reaches the last set of individuals in the social system, which tend to be individuals who are
traditionalists.
Rogers (2003) indicated that based on the characteristics of individuals described above,
they can be classified into adopter categories, which he termed “innovators”, “early adopters”,
“early majority”, “late majority”, and “laggards” (p. 284). If these individuals are plotted on a
graph based on the time they adopted an innovation, their distribution would follow a normal bell
curve, and, in addition to that, the cumulative number of adopters would follow an S-shaped
12

curve (Rogers, 2003). Figure 1 below provides a depiction of the categories of adopters based on
the cumulative number of adopters plotted on an S-curve and the frequency of adopters plotted
on a normal bell curve.
Figure 2.1

Adopter Categorization based on Innovativeness

Rogers (2003) Adopter groups based on Innovativeness. From Diffusion of Innovations, 5E by
Everett M. Rogers. Copyright © 1995, 2003 by Everett M. Rogers. Copyright © 1962, 1971,
1983 by The Free Press. Reprinted with the permission of The Free Press, a Division of Simon &
Schuster, Inc. All rights reserved.
The remainder of this chapter will focus on Rogers (2003) theories behind the diffusion
of innovations and the literature concerning the adoption of precision agriculture. The precision
agriculture literature will be summarized and organized in light of the different stages of the
decision-making process (knowledge, persuasion, decision, implementation, and confirmation)
posited by Rogers (2003).
Rogers (2003) proposed the following concerning the process of adoption:
“The innovation-decision process is the process through which an individual (or
other decision-making units) passes from gaining initial knowledge of an
innovation, to forming an attitude toward the innovation, to making a decision to
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adopt or reject, to implementation of the new idea, and to confirmation of this
decision” (p. 168).
Knowledge and Historical Development of Precision Agriculture
The first stage of the decision-making process begins with gaining knowledge concerning
a given technology and understanding how it functions (Rogers, 2003). To understand how
researchers, farmers, and other agriculture personnel became aware of precision agriculture, one
must begin with the genesis of precision agriculture. Precision agriculture as practice can be
traced back to the early 1980s (Mulla & Khosla, 2006). According to Lowenberg-DeBoer and
Erickson (2019), “the modern age of PA is often linked to the announcement by US President
Ronald Reagan in 1983 that would allow global positioning systems (GPS) for civilian use” (p.
2). Stafford (2000) supported this statement and pointed to GPS technology being a “pivotal
technology that drove the development of precision agriculture” (p. 267). Even though GPS
technologies were critical to the development of precision agriculture, Stafford (2000)
maintained that it was research done by Johnson, Schafer, and Young, (as cited in Stafford 2000)
on custom tillage that laid the foundation for the concept of precision agriculture as it is known
today. Brase (2006) indicated that precision agriculture, as it is known today, was introduced to
producers and the agriculturalist in 1990.
The first useful application of precision agriculture came from using aerial application
maps to record potential soil sample areas and subsequently creating a fertilizer map (Mulla &
Khosla, 2006; Stafford, 2000). As GPS technologies became more readily available to civilians,
agricultural researchers and personnel began conducting research and developing products that
used GPS technologies to create field maps and guide machines (Rovira-Más et al., 2015;
Stombaugh, 2018).
14

Since its inception, the definition of precision agriculture has varied. Pierce and Nowak
(1999) defined precision agriculture as “the application of technologies and principles to manage
spatial and temporal variability associated with all aspects of agricultural production for the
purpose of improving crop performance and environmental quality” (p. 113). Singh et al. (2020)
described precision agriculture as “the science of improving crop yields and assisting
management decisions using high technology sensor and analysis tools” (p. 121). LowenbergDeoer and Erickson (2019) used a modified definition of the International Society of Precision
Agriculture to defined precision agriculture as “a management strategy that uses electronic
information and other technologies to gather, process, and analyze spatial and temporal data to
guide targeted actions that improve efficiency, productivity, and sustainability of agricultural
operations” (p. 2). Even though there is not a consensus among scholars on how precision
agriculture should be defined, most scholars would agree with the stated definition that precision
agriculture is an agricultural management tool that gathers detailed information regarding field
variability to precisely apply agronomic inputs (Shannon et al., 2018).
The Persuasion and Perception of Precision Agriculture
The second stage of the decision-making process deals with individuals forming
“favorable” or “unfavorable” perceptions toward a technology (Rogers, 2003). Thompson et al.
(2018) conducted a phone survey with U.S crop producers who had 1000 acres or more and
found producers that responded to the survey had heterogeneous attitudes toward precision
agriculture practices. Thompson et al. (2018) noted that the majority of participants responded
said the essential benefit of precision agriculture practices was “yield improvement or cost
reduction” (p. 19). In addition, more than 30% of the respondents indicated that convenience
was the most essential benefit of precision agriculture (Thompson et al., 2018).
15

A similar study surveyed a group of fresh apple growers in Washington, New York, and
Michigan regarding their perceptions of precision agriculture. Gallardo et al. (2019) found that
“growers are willing to adopt precision agriculture technologies when they receive results from
applied research projects and are engaged with active extension programs” (p. 151). Respondents
also indicated that additional research efforts should address applied precision agriculture
technologies problems growers experience. Concerning the persuasion stage, Rogers (2003)
hypothesized that “an individual [decision-making unit] seeks innovation evaluation information,
messages that reduce uncertainty about an innovation’s expected consequences” (p. 175). This is
significant because this is the intermediate stage before an individual decides to adopt a certain
technology.
Decision Stage and Precision Agriculture
The third stage of the decision-making process with an individual [decision-making unit]
choosing to use or reject a technology (Rogers, 2003). Over the years, there have been several
studies that sought to understand the adoption of precision agriculture. Priority will be given to
literature that reviews adoption rates in the six selected states of Georgia, Louisiana, Mississippi,
Arkansas, Alabama, and Tennessee.
Hudson and Hite (2001) conducted a study that surveyed row-crop producers about their
use and perceptions of precision agricultural technologies. Hudson and Hite (2001) found that
row-crop farmers in Mississippi had adopted soil sampling and testing precision agriculture
technologies; however, other precision agriculture technologies such as GPS guidance and
variable rate applications were low at that time. Poindexter (2018) conducted a similar adoption
study where he surveyed row-crop farmers’ use of auto-steer in two of Mississippi's largest
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farming regions—the Hills and Delta regions. Poindexter (2018) found that farm size and age
had a considerable influence on the adoption of auto-steer among the farmers he surveyed.
Adrian et al. (2005) surveyed growers who attended a producers' meetings sponsored by
the Alabama Cooperative Extension System and found that 6.7% of growers surveyed were
using auto-steer, 8.7% used remote sensing, 14% used yield monitors, and 29% were using
variable-rate technologies. Money et al. (2010) surveyed cotton producers in 12 southern states
where they found that 63% of the farmers surveyed had adopted precision agriculture
technologies. Findings of that study also indicated that 10 % of farmers used yield monitors,
13% used management zones, 16% used variable rate technologies, 16% utilized grid soil
sampling, and 33% used GPS guidance. (Money et al.,2010).
Erickson et al. (2017) conducted a study where they surveyed crop input dealers
nationwide about their use of precision agriculture. This study found that 81% of agricultural
retailers and dealerships surveyed nationwide had adopted “some type of precision agronomic
service for their customers” (Erickson et al., 2018, p. 7). The researchers began surveying
dealerships in 2001 concerning their use of precision agriculture services, and to date, this has
been the longest-running and most comprehensive study that has examined precision agriculture
adoption trends among dealerships in the United States of America. Erickson and LowenbergDeBoer (2020) observed that 64% of agriculture service providers, such as retailers and
dealerships, used yield monitors, 69% used satellite/aerial imagery, 81% utilized autosteer, 86%
used field mapping, and 92% utilized grid or zone soil sampling.
Summary
Each year, there continue to be a plethora of agricultural innovations introduced to
growers. How such innovations are diffused and eventually adopted or rejected does not always
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depend on a clear economic advantage (Baumgart-Getz et al., 2012; Gross, 2018). Wilkening
(1962) surmised that “the acceptance of innovation in agriculture requires more than the
communication of the technical aspects of the innovation; it involves the communication of
ideas, feelings, and aspirations as well as information about costs, techniques, and returns” (p.
39). It is with this understanding that chapter two endeavored to examine the non-economic
factors that influence the diffusion and adoption of precision agriculture.
Characteristics of innovations, communication channels, time, and social systems are the
four fundamental elements that affect the spread (diffusion) of an innovation. Potential adopters
pass through five stages (knowledge, persuasion, decision, implementation, and confirmation)
when deciding to adopt or reject an innovation. In light of Rogers (2003) five decision-making
elements, it is recommended that future research focus on evaluating the adoption of precision
agriculture by using the components of the decision-making process (knowledge, persuasion,
decision, implementation, and confirmation).
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CHAPTER III
METHODOLOGY
The focal point of this chapter is to provide the methodologies and procedures used in
this dissertation. Chapter three describes the objectives, research design, population, sampling
method, instrument, and data collection. This chapter concludes by identifying the statistical
procedures used to process and analyze the data collected within this study.
Research Purpose and Objectives
The purpose of this study was to investigate what precision agriculture technologies
selected row-crop (soybean, wheat, corn, cotton, nuts, sweet potatoes, and rice) producers, have
adopted in Alabama, Arkansas, Georgia, Louisiana, Mississippi, and Tennessee. The specific
research objectives:
1.

Describe producers’ characteristics by farm size and type of crop harvested

2.

Describe producers’ perceptions toward precision agriculture.

3.

Describe producers' adoption of precision agriculture as a percentage.

4.

Determine the diffusion of precision agriculture among row-crop producers to
categorize adopters of precision agriculture based on their innovativeness
(innovators, early adopters, early majority, late majority, and laggards).

5.

Predict the interaction between adopters and non-adopters of autosteer by the
variables of farm size and age and row crop producers.
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6.

Predict the likelihood of farmers classified as adopters or non-adopters of precision
agriculture by the variables of farm size and age and row crop producers.

7.

Predict the number of precision agricultural technologies adopted by row-crop
producers based on the variables of farm size, age, and perceived innovations
attributes (relative advantage, compatibility, complexity, observability, and
trialability).
Research Design

The design chosen for this study was a correlational research design. Privitera (2014)
defines correlational research design as “the measurement of two or more factors to determine or
estimate the extent to which the values for the factors are related or change in an identifiable
pattern” (p. 240). A correlational research design enables the researcher to compare associations
between row-crop producers' precision agriculture adoption status and producers' varying
characteristics.
Research Variables
Based on the purpose and objectives of this study, several independent and dependent
variables were identified. An association between farm size, age, and producers' perceptions
toward precision agriculture was compared and evaluated to determine if there exists a
relationship between the dependent and independent variables. The two dependent variables
were adoption status and the number of precision agricultural technologies adopted; the
independent variables were farm size, age, and producers' perceptions of precision agriculture.

20

Population and Sample
Kalton (1983) described a population of a study as elements of units under study. Kalton
(1983) specifically posited that “the elements may be persons, but they could alternatively be
households, farms, schools, or any other unit” (p. 6). This dissertation will consist of one distinct
population—selected row-crop producers in Alabama, Arkansas, Georgia, Louisiana,
Mississippi, and Tennessee. Moreover, the population analyzed in this study was a selected
group of row-crop producers (corn, wheat, sweet potatoes, soybeans, rice, cotton (and
cottonseed), and peanuts). The selected group of producers was chosen because research studies
have indicated that precision agriculture technologies have been widely developed and available
for such farming operations (with exception of sweet potato operations) (Schimmelpfenning,
2016; Lowenberg-DeBoer, & Erickson, 2019).
A total of 151 surveys were collected during the duration of this study; however, only
126 were deemed usable. After the pilot study was conducted and a stratified random sample
could not be established among the row-crop producers in Mississippi, the researcher resorted to
using a convenience sample. Participants were recruited by asking individuals who attended the
Mississippi State University Extension 2021 Row Crop Short Course, the Tri-State Soybean
Forum, the National Black Growers Council Annual Meeting, and Auburn University’s
Extension 2022 Alabama Row Crops Short Course to fill out the questionnaire designed by the
researcher (Appendix G). Additionally, members of the Mississippi Agricultural and Forestry
Experiment Station (MAFES) and US FARM DATA mailing list were emailed a link to the
survey. Table 1 provides the dates and number of surveys collected from individuals that
attended the different grower's meetings.
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Table 3.1

A Summary of the Convenience Sample

Event
Mississippi
Agricultural
and
Forestry
Experiment Station (MAFES) and US FARM
DATA

Date
Summer 2021

Survey Responses
34

Mississippi State University Extension 2021
Row Crop Short Course

December 6, 2021

72

National
Meeting

December 15, 2021

10

Tri-State Soybean Forum

January 7, 2022

8

Auburn University Extension 2022 Alabama
Row Crops Short Course

January 18, 2022

27

Black

Growers

Council

Annual

Research Instrument
The instrument used in this study was developed to assess the adoption of precision
agriculture among row-crop producers in the selected states. The instrument was devised using
the CropLife/Purdue precision agriculture services dealership questionnaire (Lowenberg-DeBoer
& Erickson, 2019) and Moore and Benbasat’s (1991) 72 item questionnaire designed to measure
the perceptions of adopting information technology innovations. The CropLife/Purdue survey is
the longest-running precision agricultural survey and has been collecting information concerning
the development and adoption of precision agricultural trends since 1997 (Lowenberg-DeBoer &
Erickson, 2019). The survey is continually revised and updated to reflect the latest precision
agricultural technologies being used by dealerships and consultants in the United States. No
information was provided in the Purdue/CropLife study regarding how the authors tested their
questionnaire for reliability, content, or construct validity. Permission was given to modify the
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22 item 2019 CropLife/Purdue precision agriculture services dealership questionnaire on July 24,
2019 (Appendix B).
Moore and Benbasat (1991) developed an instrument to “measure user's perceptions of
adopting an information technology (IT) innovation” (p. 193). This instrument was created “to
be a tool for the study of the initial adoption of IT by individuals in organizations, and
technology’s diffusion within the organization” (Moore & Benbasat, 1991, p. 193). Twenty-eight
items measured the five attributes of relative advantage, compatibility, complexity, observability,
and trialability discussed. The authors thoroughly tested the instrument for reliability, content,
construct, convergent, and discriminant validity by using panels of judges, four sorting rounds,
elimination methods, two pilot tests, and factor analysis procedures.
Moore and Benbasat (1991) questionnaire items were adaptable and general enough that
it was deemed useful in measuring the construct of perceived characteristics of adopting
precision agriculture. On the adaptability of the questionnaire, Moore and Benbasat (1991) stated
“it was our intention, however, that any scales developed should be generally applicable to a
wide variety of innovations, especially other types of information technology” (p. 194). Rogers
(2003) commenting on the adaptability of Moore and Benbasat (1991) questionnaire said,
“Gary C. Moore and Izak Benbasat (1991) developed fifteen scale items to measure
the five main attributes (plus three other attributes) of information technology,
personal workstations (high-powered personal computers). With proper adaptation,
these fifteen scale items can be applied to any particular innovation that is adopted
by any set of individuals. Several diffusion scholars have done so, for such
respondents as college students adopting computer-based delivery of a university
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course, alcohol treatment counselors adopting a computer-assisted counseling
innovation, and so forth” (p. 224).
With this understanding, the instrument used for this study was constructed to assess the
adoption of precision agriculture among row-crop producers and contained 18 items (Appendix
C). The researcher used items 9, 11, 12, and 15 from the Croplife/Purdue survey (LowenbergDeBoer & Erickson, 2019). Table 2 highlights the questions taken from the Croplife/Purdue
survey and the modification made to each respective question. In addition, question 8 contained
18 Likert scaled questions that sought to measure producers' perceptions toward precision
agriculture with each statement adapted from Moore and Benbasat's (1991) instrument.
Statements were changed to match an agricultural context. For example, one of the first
questions in Moore and Benbasat's (1991) instrument read, “using a PWS enables me to
accomplish tasks more quickly” (p.216); however, to make this question match an agricultural
context, the researcher rephrased the question to read, “using precision agriculture technologies
increases my farm’s productivity.” Although each statement was rephrased, careful attention was
given to ensure each question that was rephrased measured the construct of relative advantage,
compatibility, complexity, observability, and trialability (Table 3).
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Table 3.2

CropLife/Purdue Survey Questions Used In The Development Of The
Questionnaire Assessing The Adoption of Precision Agriculture Among Row-Crop
Producers in Mississippi

Questions
Question 9
In a typical year how
many total acres do you
custom apply at your
specific location
(fertilizer, chemicals,
seeding – total acres
including multiple
applications?

Original Response Choices
[ ] None
[ ] Under 5,000 acres
[ ] 5,001 to 10,000 acres
[ ] 10,001 to 25,000 acres
[ ] 25,001 to 50,000 acres
[ ] 50,001 to 75,000 acres
[ ] 75,001 to 100,000 acres
[ ] Over 100,000 acres

Modifications & Justification
Question 9 was changed to:
In 2021, did you use custom
application methods (fertilizer,
chemical, seeding) in your
farming operation?
The response option was
changed to a dichotomous scale
of Yes or No.
Justification
Dealerships and consultants,
provide precision agriculture
services to customers in terms
of a specific number of acres.
The question was rephrased and
made more applicable to rowcrop producers. The
researchers' primary objective
in rephrasing the question was
to gauge whether row-crop
producers were site-specifically
applying fertilizers, seeding, or
chemicals within their farming
operations.
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Table 3.2 (continued)
Questions
Question 11
In 2018,
approximately what
percentage of your
total custom
application (total
acres, all products)
used:

Original Response Choices

Modifications & Justification
Question 11 was changed to:

a. Manual GPS guidance
(light bar) _______%

Which of the following precision
agriculture/site-specific technologies
did you use for your custom
application? (Check all that apply).

b. Automated GPS guidance
(autosteer) _______%

The first modification made to Q.11
c. Auto sprayer boom section was to change the year to reflect the
or nozzle control ______% current year the question was
distributed.
d. Variable rate prescription
map _______%
The second modification reworded
question Q11 to ask which technology
row-crop producers used in their
farming operation instead of assessing
the percentage of acres. However, the
responses to the question Q11were
retained (with exception of the
percentages symbols).
Justification
The researchers believed rewriting the
question to identify specifically identify
the precision agricultural technologies
would address objective three better
than simply identifying the percentage
of acreage each precision agricultural
technology was employed on.
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Table 3.2 (continued)
Questions
Original Response Choices
Question 12
Do you offer soil
sampling —
traditional,
following a grid
pattern, and/or by
management zone?
[mark all that
apply]

[ ] Don’t offer soil sampling
[ ] Grid pattern
[ ] Traditional, whole field
approach
[ ] Management zones
If grid, what grid size most
common? [mark only one]
[ ] < 1 acre
[ ] 1 acre - 2.49 acre
[ ] 2.5 acre
[ ] 2.51 acre - 5 acre
If zone, determined by what
factor? [mark only one]
[ ] Soil mapping unit
[ ] Electrical conductivity
[ ] Yield map
[ ] Other [please
specify]:_____________.

In 2021, which of the following soil
sampling techniques did you use?
(Check all that may apply.)
Q11 was modified and made more
applicable to row-crop producers by
rephrasing the question of “do you
offer” to “which of the following.” As
stated above, row-crop producers do not
offer precision agriculture services,
rather they are consumers of precision
agricultural services.
The original response options were
retained by the researchers.

Question 15 was changed to:

Question 15
For the following
services that you
offer, currently how
profitable is each
specific service for
your dealership?

Modifications & Justification
Question 12 was changed to:

Field mapping (with GIS)
VRT (variable rate)
fertilizer or lime
prescriptions….

Please indicate if you have in the past or
currently (2021) used any of these
services listed below at your farming
operation.
As with previous questions, question 15
was rephrased to assess row-crop
producers rather than agricultural
retailers.
Justification
Question’s 15 response option was
modified to a three-scaled response
option of used, currently use, and never
used. Changing the response option to
use, currently use, and never used
allowed for the assessment of objective
seven of this dissertation.
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Additional questions were added by the researcher based on the seven objectives of this
study. Questions 1, 5b, 5c, 6a, 6b, 9, 10, 11, 12, and 13 were new questions. These questions
were tested for content and construct validity by an expert panel that consisted of five faculty
members. Two of the individuals that served on the expert panel were from the Department of
Plant and Soil Sciences at Mississippi State University; one of the individuals specialized in
environmental soil management, and the other specialized in precision agriculture instruction.
The three remaining faculty members were researchers in the School of Human Sciences.
The expert panel was given instructions to evaluate each question based on the research
objectives of this study. The panel was told to consider each question based on the question’s
relevancy to the research objectives and how effective each question was in assessing the
construct it set out to measure. All questions received high remarks and no questions were
rejected by the panel. However, several grammatical and formatting recommendations were
suggested by the panel of experts.
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Table 3.3

Items Used to Measure the Perceived Innovation Attributes of Precision
Agriculture

Construct & Items
Relative Advantage
Using precision agriculture technologies increases my farm’s productivity.
Using precision agriculture technologies increases my farm’s profitability.
Using precision agriculture technologies is a waste of my time.
The benefits of using precision agriculture technologies outweigh its cost.
The cost of precision agriculture technologies is a barrier to me using it on my farm.
Compatibility
Precision agriculture technologies are well suited for my farming operation.
Precision agriculture technologies are consistent with my current management practices.
Precision agriculture technologies do not suit my current farming operation.
There are no benefits to me in using precision agriculture technologies on my farm.
Complexity
Using precision agriculture technologies is time-consuming.
Data privacy concerns limit my use of precision agriculture technologies.
Precision agriculture technologies are too complex for my farming operation.
Precision agriculture technologies are easy to use on my farm.
Observability and Trialability
Adequate precision agriculture technologies trials or test runs are available in my area.
My decision to use precision agriculture technologies on my farm was based after a trial was
extended to me.
Before deciding whether to use precision agriculture services/technologies, I had enough time
to try the equipment or services.
I have seen other farmers successfully use precision agriculture technologies.
I use precision agriculture services/technologies because other farmers have convinced me
about the benefits of such services.

Pilot Study
To ensure the reliability and validity of the instrument, the first questionnaire was piloted
with row-crop producers in Mississippi. An electronic and paper questionnaire was developed
for this study. According to the 2017 U.S census, only 66% of farms in Mississippi had internet
access (USDA, 2017). The paper questionnaire was developed to ensure producers who did not
have access to the internet were included in the survey study. The questionnaire format and
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distribution procedures were developed based on Dillman, Smyth, and Christian (2014) and
Salant and Dillman (1994) recommendations for developing and distributing electronic and
postal surveys.
In Mississippi, the USDA (2017) reported that the number of farms totaled 34,988 in
2017 and that the average farm size was 298 acres. The USDA (2017) also indicated that out of
the 34,988 farmers in Mississippi, 18,743 were corn, wheat, soybeans, sorghum, rice, cotton (and
cottonseed), peanuts (for nuts), and forage producers. To have a representative sample of the
selected group of producers, producers’ samples were stratified based on the crop harvested and
the size of their farming operations.
There were three justifications for stratifying farming operations based on crop harvested
and size. First, limited literature exists on precision agriculture adoption information based on
crop harvested or operation size (Lowenberg-DeBoer & Erickson, 2019). This may be
problematic for a few reasons. The most obvious problem being the adoption literature continues
to show that larger farms adopt precision agriculture technologies compared to smaller farms
(Thompson et al., 2018; Schimmelpfenning, 2016). If this is the case, then the data that examines
precision agriculture adoption is skewed toward larger farms and will not represent the precision
agriculture practices of smaller farm holdings. Second, Lowenberg-DeBoer and Erickson (2019)
indicated that adoption studies using probability sampling “are probably the most reliable and
representative of PA adoption information available” (p. 1555). Third, the population of this
dissertation was not homogenous and included several divisions (for example different crops
harvested and farm size) that may alter the precision of the data collected. Cochran (1977)
indicated stratification is useful when the following conditions exist: “1.) the population is
composed of institutions varying widely in size; 2.) the principal variables to be measured are
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closely related to the sizes of the institutions; 3.) a good measure of the sizes is available for
setting up the strata” (p. 101). The population in this dissertation comprised all three of those
conditions; therefore, the stratification of the population by farm size and crop harvested was
employed.
Daniel (2012) recommended eight steps when performing a stratified sampling method.
Those eight steps were as follows:
1. Define the target population.
2.

Identify stratification variable(s) and determine the number of strata to be used.

3. Identify an existing sampling frame or develop a sampling frame that includes
information on the stratification variable(s) for each element in the target population.
4. Evaluate the sampling frame for undercoverage, overcoverage, multiple coverage,
and clustering, and make adjustments where necessary.
5. Divide the sampling frame into strata, categories of the stratification variable(s),
creating a sampling frame for each stratum.
6. Assign a unique number to each element
7. Determine the sample size for each stratum.
8.

Randomly select the targeted number of elements from each stratum (p. 132).

Each of Daniel’s (2012) recommended steps for stratified random sampling were used to
categorize the row-crop producers by crop harvested and land area. The population was
established by using the USDA 2017 Census of Agriculture. According to the USDA 2017
Census of Agriculture, there were 18,743 corn, wheat, soybeans, sorghum, rice, cotton (and
cottonseed), peanuts (for nuts), and hay producers in Mississippi. As discussed above, the two
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variables of interest regarding the selected row-crop producer were crop harvested and farm size
by acreage.
The sampling frame was established by using the US FARM DATA agricultural mailing
list for Mississippi. The first sample obtained from US FARM DATA was composed of crops
harvested. In their agricultural mailing list, there were 20,453 corn, wheat, soybeans, sorghum,
rice, cotton (and cottonseed), peanuts (for nuts), and hay producers. US FARM DATA indicated
that their numbers were higher than the USDA (2017) farm census because producers on their
mailing list harvested more than one crop and may have more than one farming operation. Table
4 below provides further information regarding the US FARM DATA and the number of stratum
for this study.
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Table 3.4

Stratified Sample by Crop Harvested

Crop Harvested

Nh

Wh

nh

nh x10%

Corn (for grain)

4019

0.20

77

85

Wheat

5314

0.26

102

112

Soybeans

3536

0.17

68

75

Rice

651

0.03

12

14

Cotton and Cottonseed

1843

0.09

35

39

Peanuts for Nuts

378

0.02

7

8

Hay

4712

0.23

90

99

N:

20453

1.00

392

432

Sample:

392

The sampling frame was then divided into individual stratas and examined for “under
coverage, over coverage, multiple coverage, and clustering” (Daniel, 2012, p. 131). Adjustments
were made where necessary. A proportionate stratification method as described by Kalton (1983)
was employed. A sample was chosen for each stratum (Nh ) based on its proportion or weight
(Wh ) to the entire subgroup (N=20453). The sample size (nh) was then calculated for each
stratum as highlighted in Table 4. To obtain a representative sample of the total population of the
selected row-crop farmers, a sample size of 392 was proposed. The sample size was determined
using Yasmine's (1967, as cited by Israel, 2003) formula determining sample sizes. Yasmine
(1967) formula was:
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n=

N
1+N(e)2

(3.1)

where:
n = sample size
N = population size
e = level of precision
The sample for each stratum was multiplied by 10% to compensate for anticipated nonresponse. Israel (2003) highlighted researchers often increase the sample size by 10% to ensure
against problems that may occur when contacting intended participants for a given study. Once
the sample size for each stratum was calculated, a random sample of a mailing list for each
stratum was obtained from the US FARM DATA agricultural mailing list.
In addition, the same procedure was followed to determine the sample size for the
selected row-crop producers based on farm size. However, when the sample size for each stratum
was calculated based on farm size, the sample sizes were too small and may not have given an
adequate estimator; hence, a disproportionate stratified sample was chosen. A disproportionate
stratified sample selects a sample size for each stratum based on a disproportion size that is not
connected to the weight of the stratum (Frankfort-Nachmias & Leon-Guerrero, 2018). Equal
sample sizes were chosen for each stratum based on Daniel’s (2012) recommendations. Table 5
provides a summary of the strata and sample size of each stratum when disproportionately
sampled. Once the sample size for each stratum was calculated, a random sample of a mailing
list for each stratum was obtained from the US FARM DATA agricultural mailing list.
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Table 3.5

Sample Stratified by Farm Size

Stratum
Corn (for grain)
1 to 49 ac

Nh

Wh

nh

808

0.048

30

50 to 249 ac

860

0.051

30

250 to 999 ac

736

0.044

30

1000 to 4999 ac

626

0.037

30

84

0.005

30

1 to 49 ac

1110

0.066

30

50 to 249 ac

882

0.053

30

250 to 999 ac

665

0.040

30

1000 to 4999 ac

598

0.036

30

5000 ac +
Soybeans
1 to 49 ac
50 to 249 ac
250 to 999 ac
1000 to 4999 ac
5000 ac +
Rice
1 to 49 ac
50 to 249 ac
250 to 999 ac
1000 to 4999 ac
5000 ac +
Cotton
1 to 49 ac
50 to 249 ac
250 to 999 ac
1000 to 4999 ac
5000 ac +
Nuts
1 to 49 ac
50 to 249 ac
250 to 999 ac
1000 to 4999 ac

111

0.007

30

586
897
846
721
93

0.035
0.054
0.051
0.043
0.006

30
30
30
30
30

54
59
143
303
59

0.003
0.004
0.009
0.018
0.004

30
30
30
30
30

255
380
383
408
50

0.015
0.023
0.023
0.024
0.003

30
30
30
30
30

85
63
42
72

0.005
0.004
0.003
0.004

30
30
30
30

5000 ac +
Wheat
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Table 3.5 (continued)
Stratum
5000 ac +

Nh
24

Wh
0.001

nh
30

1 to 49 ac
50 to 249 ac
250 to 999 ac
1000 to 4999 ac
5000 ac +

1472
1575
910
677
63

0.088
0.094
0.054
0.041
0.004

30
30
30
30
30

Hay

On October 27, 2020, the first electronic survey was administered to all the producers
that had emails listed on the US FARM DATA list described on the Chickasaw, and Alcorn
County row-crop and forage producers extension list (Table 5). The first reminder was emailed
on November 5, 2020, the second reminder on November 14, 2020, and subsequently the third
reminder on November 19, 2020. In contrast, on October 28, 2020, the first hard copies of the
survey were mailed to producers. The first reminder was mailed on November 5, 2020, and the
second reminder was sent on November 17, 2020. One of the surveys was returned because the
United States Postal Service (USPS) could not locate the address, which resulted in a list of 18
producers. All 18 producers were extracted from the US FARM DATA.
Ten responses were received from the electronic survey. The respondents included wheat,
hay, soybeans, rice, cotton, corn, and peanuts producers. Some of the producers who responded to
the survey farmed several crops. Five producers responded to the mailed survey. Out of the five,
only three responses can be used because two of the respondents were forestry producers. Out of
the three respondents who replied to the survey—two primarily farmed hay, and the other soybeans
and corn.
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Because of the low response rate, the questionnaire could not be statistically analyzed for
reliability. However, the researchers did evaluate the questionnaire for face validity by observing
if the respondents were confused by any question. Some of the producers may have been confused
by question 10 which read, "Please identify the primary and secondary crops you farm." One
responded said, "ok maybe I didn't understand the question about primary and secondary crops I
answered it but the survey said is didn't I farm hay and corn I’m checking others because I want
to get finished." Another person on the hard copy checked hay for both primary and secondary
crops. This indicated there was an issue or confusion concerning the question. As result, question
10 was rephrased to read, “please identify the crop you farm below” and a follow-up question read,
“do you rotate any other crop(s) besides the crop you identified above (check all that may apply)”.
Data Analysis
All the surveys collected in this study were downloaded from Qualtrics and placed into
version 28 of the Statistical Package for the Social Sciences (SPSS). Descriptive statistics were
utilized to describe the demographic characteristics of row-crop producers found in this study.
The mean and variation measurements were presented for each demographic question. A Chisquare goodness-of-fit was employed to determine if the adoption rate of precision agriculture
deviated significantly from the cumulative adopters compared to the frequency of precision
agricultural technologies adopters among the selected row-crop producers. The independent
variables of farm size and age were entered into a binary regression model to determine the
likelihood of farmers being adopters or non-adopters of precision agriculture practices. Multiple
linear regression was also used to predict the number of precision agricultural technologies
adopted by row-crop producers based on the variables of farm size, age, and perceived
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innovations attributes (relative advantage, compatibility, complexity, observability, and
trialability).
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CHAPTER IV
RESULTS
The purpose of this chapter is to provide a summation of the results. Chapter four is
divided into four main sections. The first section will describe the participants' characteristics
followed by a section describing producers’ perceptions of precision agriculture. Section three
will then provide a summary of the findings regarding the diffusion and adoption of precision
agriculture among row crop producers in the Southeastern United States. The final section will
highlight the statistical models used to predict precision agriculture usage within the selected
states.
Demographic Characteristics of Row Crop Producers
The questionnaire used in this study was designed to solicit information concerning row
crop producers’ characteristics such as age, type of crops grown, farm size, location of operation,
perceptions towards precision agriculture, and precision agriculture adoption practices. A total of
151 surveys were collected during this study; however, only 126 were deemed usable. Several
questions within the survey contained no responses from various participants, which led to some
findings having different sample sizes.
The mean age of the respondents was 40.3 years of age (SD = 15.83) with the maximum
age recorded as 87 years and the minimum 21 years. The median age of respondents was 38
years old. Table 6 highlights the frequency of the different age categories and farm sizes. In total,
the survey represented 349,574 row-crop acreages across Mississippi, Tennessee, Georgia,
39

Arkansas, Louisiana, and Alabama. The median acreage identified was 1600 acres with the most
selected acreage being 1,200 and 2,000 acres (f = 11), respectively.

Table 4.1

Demographic Characteristics of Row Crops Producers (n = 126)

Characteristic

n

Mean

SD

Min.

Max.

Age

116

40.3

15.83

21

87

Farm Size

119

2937

3781

1

20,000

Respondents (n = 126) were asked to identify the crops they farmed. The crop most
frequently harvested by respondents was soybeans (f = 68 or 53.9%) followed by cotton (f = 66
or 52.3%). In contrast, the least harvested crop was milo (f = 8 or 6.3%) and sweet potatoes (f = 2
or 1.6%). Respondents were allowed to select "other" crops (f = 4 or 3.17 %) which yielded
responses such as hay, forage, tobacco, and alternative crops. Table 7 underscores the type of
crops harvested by the various respondents. Participants were allowed to select multiple
responses since row-crop producers farm several crops throughout the year.
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Table 4.2

Percent Of Crops Actively Cultivated By Producers (n = 126)

Crop Harvested

f

Percent

Soybeans

68

53.9%

Cotton

66

52.4%

Corn

52

41.3%

Wheat

26

20.6%

Peanuts

23

18.3%

Rice

10

7.9%

Milo

8

6.3%

Sweet Potatoes

2

1.6%

Other Crops

4

3.2%

Note. Respondents were prompted to select all that applied.
The survey was distributed among row-crop producers in six selected states (Table 8).
The majority of the participants indicated their farming operation was located in Mississippi (f =
87 or 69.0%). Responses that included states such as Alaska, Missouri, Florida, Texas, Virginia,
and Maryland were removed from the analysis because they were not the targeted locations
implicated in this study.
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Table 4.3

Location Of Farming Operation By State (n = 126)

State

n

Percent

Mississippi

87

69.0%

Alabama

20

15.9%

Tennessee

8

6.3%

Georgia

7

5.5%

Arkansas

3

2.4%

Louisiana

1

.8%

Note. Percentages do not add to 100% due to rounding error.
Row-Crop Producer's Perceptions of Precision Agriculture
The second objective was to describe row-crop producers' perceptions of precision
agriculture. To measure producers perceived attributes of precision agriculture, an 18 item
Likert-type instrument, with items rated on a scale of 1 to 3 (1 = “Disagree”, 2 = “Undecided or
Unsure”, 3 = “Agree”) was developed. Items 3, 5, 6, 9, 10, 12, and 14 contained negatively
worded phrases. Each of the negatively worded items was reverse coded and responses were then
summated to create an overall variable measuring perception towards precision agriculture and
four other summated scales that measured the innovation attributes of relative advantage,
compatibility, complexity, trialability, and observability. Scores measuring the overall
perceptions of precision agriculture ranged from 18 to 54, with higher scores indicating a more
positive perception of precision agriculture (Table 9).
Warmbrod (2014) and Harpe (2015) suggested the following recommendations when
reporting Likert scale scores. First, they recommended creating a frequency table that
encompasses the Likert scale and its frequencies. The content from the multiple items that make
up the scale should be used to describe the construct being measured. Second, the summated
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total score for the Likert scale and any summated subscale should be computed. The third
recommendation was to calculate and report reliability coefficients for the Likert scale and any
summated subscale. Warmbrod (2014) recommended reporting Cronbach’s α for both the
summated total score and summated subscale scores. Forth, report descriptive statistics for the
Likert scale and summated subscales by reporting the mean, median, mode, variation, skewness,
and kurtosis. These steps were followed in reporting the perceptions toward precision
agriculture.
Overall, scores measuring perceptions towards precision agriculture had a mean of 41.9
(SD = 7.4). The mean for the overall summated scale was slightly below the median and mode of
44.0. The overall scale ranged from 18 to 54. Overall precision agriculture perception scores
were not normally distributed, with skewness of -.716 (SE = .218) and kurtosis of -.204 (SE =,
.433) observed. The precision agriculture perceived attribute of relative advantage recorded a
mean of 12.7 (SD = 2.9), which was below the median and mode of 14 and 15, respectively. The
summated subscale of relative advantage was not normally distributed, with skewness of -1.35
(SE = .218) and kurtosis of .760 (SE = .433). Compatibility yielded a mean of 9.7 (SD = 2.5)
which was below the median of 11 and a mode of 12. The summated subscale of compatibility
was not normally distributed, with skewness of -.852 (SE = .218) and kurtosis of .273 (SE =
.433) observed.
Moreover, the perceived precision agriculture attribute of complexity had a mean of 8.7
(SD = 2.1) and a median and mode of 9. The summated subscale of complexity was not normally
distributed, with skewness of -.217 (SE = .218) and kurtosis of .769 (SE = .433) observed. The
perceived precision agriculture attribute of observability and trialability had a mean of 10.8 (SD
= 2.3) and a median and mode of 11 and 12, respectively. The summated subscale of
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observability and trialability was not nonnormally distributed, with skewness of -.471 (SE =
.218) and kurtosis of -.200 (SE = .433).
Table 4.4

Perception of Row-Crop Producers Towards Precision Agriculture

Characteristic

Items

Min.

Max.

M

SD

α

Relative Advantage (n = 123)

5

5

15

12.7

2.9

.883

Compatibility (n = 123)

4

4

12

9.7

2.5

.857

Complexity (n = 123)

4

4

12

8.7

2.1

.570

Observability & Trialability (n = 119)

5

4

15

10.8

2.3

.492

Overall (n = 119)

18

23

53

41.9

7.4

.858

Note. Perceptions of statistics were measured on an 18 - 54 summated scale, where higher scores
represented more positive perceptions. The Likert-type instrument used a scale of 1-3. 1 =
“Disagree”, 2 = “Undecided or Unsure”, 3 = “Agree”.
A Summary of the Diffusion and Adoption of Precision Agriculture
The third objective of this study was to describe the adoption of precision agriculture
technologies among row crop producers in the six selected states as a percentage. When asked if
a custom application of fertilizer, chemical, or seeding was applied within the participant’s
farming operation, 80% of the respondents (f = 101) indicated they had applied a custom
application of fertilizer, chemical, or seeding. In addition, participants were asked to identify
specific precision agriculture/site-specific technologies used to apply their custom application
and manage variability. The results indicated that 82% (f = 83) of the respondents were using
automated global positioning systems guidance technology to apply their custom applications.
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Table 10 provides a summary of the different precision agriculture practices used by row crop
producers.
Table 4.5

Responses To Precision Agricultural Technologies Usage and Practices (n = 126)
Questions & Responses

f

%

Yes

101

80.2

No

25

19.8

Automated GPS Guidance (autosteer)

83

82.2

Manual GPS Guidance (lightbar)

66

65.3

Variable-Rate Prescription Map

63

62.4

Auto-Sprayer Boom Section or Nozzle Control

34

33.7

Grid Sampling

70

55.6

Management Zone

21

16.7

Whole Field Approach (Traditional Soil Sampling)

18

14.3

Did Not Soil Sample

17

In 2021, did you use custom application methods (fertilizer, chemical,
seeding) in your farming operation?

Which of the following precision agriculture/site-specific technologies did
you use for your custom application? (Check all that apply). *

In 2021, which of the following soil sampling techniques did you use?

13.4

*Note. Participants were allowed to choose more than one response.
Sixteen percent of the participants (f = 21) indicated they used management zones as
their soil sampling technique (Table 5). Within row-crop production, several factors can
influence growers' decisions to define management zones. In this study, 38% of the participants
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indicated they were using soil and yield mapping units to define their soil management zones
(Figure 2). When asked who generated the yield map used to establish your management zone,
the most selected response was “ I generated the information needed” (f = 12), followed by crop
consultants (f = 8), agricultural dealerships (f = 7), extension agents (f = 4), respectively.

Figure 4.1

Responses to Survey Question “What factor(s) determined your use of
Management Zones at your farming operation

Note. Percentages do not add to 100% due to rounding error.
Individuals who identified that they used grid sampling as their soil sampling method
were prompted to identify the grid size. Individuals were given response options that reflected
the standard grid sizes identified by Franzen (2018) and Lowenberg-DeBoer and Erickson
(2019). Figure 3 shows 51% of respondents (f = 42) indicated they used a grid size of 2.5 acres
and 12% indicated they (f = 10) used a grid size that ranged from 1 to 2.49 acres. In addition,
when asked who developed your grid soil sampling strategy, 43% responded crop consultants (f
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= 35), 32% identified agricultural dealerships (f = 26), 21% said “I developed my grid sampling
strategy" (f = 17), 3% said an extension agent (f = 3), and 1% responded other (f = 1).

Figure 4.2

Responses to Survey Question “What Grid size did you use at your farming
operation”

Note. Percentages do not add to 100% due to rounding error.
As part of the survey, row-crop producers were asked to share their current precision
agriculture practices by identifying precision agriculture technologies previously used or never
used in their farming operations. Autosteer had the highest percentage of usage, with 67% (f =
82) of the respondents indicating they were currently using guidance technologies such as
autosteer. Yield monitors had the second-highest usage where 53% (f = 65) of producers
indicated they were currently using a yield monitoring system. In contrast, only 11% (f = 14) of
respondents indicated they currently use chlorophyll sensors. Figure 4 provides further details
regarding the different precision agricultural technologies being used among respondents.
Overall, individuals in this study (f = 115) indicated that they had used or currently use 10 out of
the 14 technologies recorded in this study.
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Figure 4.3

Current Precision Agricultural Technologies Used By Survey Respondents (n =
126)

Note. Percentages do not add to 100% due to rounding error.
To assess whether producers had adopted precision agriculture, they were asked three
questions. The first question asked respondents (Q1) if they had employed custom applications
of fertilizer, chemical, or seeding (Appendix C). The second question (Q2) solicited information
regarding specific precision agricultural technology producers were utilizing to perform custom
applications. The third question (Q5) evaluated how producers managed soil variation within
fields. Responses from all three questions were then pooled to determine whether a responder
had adopted precision agriculture.
These three questions were established to measure the adoption of precision agriculture
based on the definition of PA used in this study. Scholars have defined precision agriculture as a
management tool or practice that employs information technology to collect, process, and
analyze temporal and spatial data for the purpose of decision-making in an agricultural operation
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(Pierce & Nowak, 1999; Brase, 2006; Kitchen & Clay, 2018; Shannon et al., 2018; LowenbergDeBoer, & Erickson, 2019). Based on this definition, to be considered an adopter of precision
agriculture, one would have to implement PA as a management strategy by using one or more
precision agricultural technologies. In other words, it is the use of site-specific management
concepts combined with the different technologies that define an adopter of precision agriculture.
As a result, to measure precision agriculture adoption status, one cannot only investigate the use
of precision agricultural technologies, but one must systematically measure both the usage of
precision agricultural technologies and how they are being applied to manage spatial and
temporal variability within crop production.
If a respondent answered yes to applying custom applications, identified a site-specific
technology used to perform a custom application, and a soil sampling technique of management
zones or grid sampling, they were deemed as PA adopters. Producers who did not satisfy all
three conditions were classified as non-adopters. As illustrated in Figure 5, 74% of the
respondents (f = 126) can be classified as adopters of precision agriculture.
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Figure 4.4

The Percent of Precision Agriculture Adopters Compared To Non-Adopters (n =
126)

Growers were also asked to identify their primary source for receiving precision
agriculture information (Figure 6). The response selected the most was agricultural dealerships
(68% or f = 79). The least selected response was magazine (22% or f = 25) and other (9% or f =
11). Those who responded by selecting other responses suggested they received their precision
agriculture information from “YouTube”, “Helena”, “ag. publications”, and “National Black
Growers Association.”
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Figure 4.5

Responses to Survey Question “Please identify the resource(s) you use to obtain
information concerning precision agriculture”

Note. Participants were allowed to choose more than one response.
The Diffusion and Adoption of Grid Soil Sampling
The fourth objective was to determine the diffusion of precision agriculture practices
among row-crop producers in order to categorize adopters of precision agriculture based on their
innovativeness (innovators, early adopters, early majority, late majority, and laggards). The
element of time can be used to classify adopter categories and to draw diffusion curves.
According to Rogers (2003), when a particular innovation is diffused and adopted within a
society, its diffusion curve (represented by the innovation adoption time plotted on a frequency
basis) typically follows a normal bell-shaped symmetrical distribution. Rogers (2003) also stated
if “the cumulative number of adopters is plotted, the result is an S-shaped curve” (p. 272).
Rogers (1958) explained that one can use the properties of a normal distribution such as the
mean and the standard deviation to divide the normal distribution into five adopter categories
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known as innovators, early adopters, early majority, late majority, and laggards (Figure 7). As
illustrated in Figure 6, if an individual’s score was at least two standard deviations below the
mean, they would be classified as an innovator which indicates that—that person is within the
first 2.5 percent of persons to adopt a given technology.

Figure 4.6

Adopter Categorization based on Innovativeness

Rogers (2003) Adopter groups based on Innovativeness. From Diffusion of Innovations, 5E by
Everett M. Rogers. Copyright © 1995, 2003 by Everett M. Rogers. Copyright © 1962, 1971,
1983 by The Free Press. Reprinted with the permission of The Free Press, a Division of Simon &
Schuster, Inc. All rights reserved.
To calculate adoption categories for innovations, Rogers (1958) recommends computing
the standard (z) score. A standard score is expressed by taking the difference between an
observation (X1) and the mean( 𝑥̅ ) divided by the standard deviation (σ) (Frankfort-Nachmias &
Leon-Guerrero, 2018).
Z=

X1 ― x̅
σ

(4.1)

In this study, the time when precision agriculture was adopted, and its frequency was
used to compute a standard score to categorize row-crop producers and their precision
agricultural diffusion and adoption practices.
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An error occurred within Qualtrics that did not allow the researchers to record the year
for the four precision agriculture innovations and practices (manual GPS, auto sprayer boom
section control, automated GPS, and variable-rate prescription map) of interest. As a result,
cumulative curves, standard scores, and adoption categories could only be determined for grid
soil sampling. When the cumulative number of grid soil sampling adopters was plotted over
time, its rate of adoption followed an “S-shaped” curve (Figure 8).
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Figure 4.7

Cumulative Percentage of Grid Soil Sampling Adoption Among Row-Crop
Producers In Six Southern States (n = 82)

The standard score for grid soil sampling was computed by first obtaining the mean year
and the standard deviation of when the technology was first adopted. On average, grid soil
sampling was adopted in 2010 (M = 2010, SD = 7.60). Once the mean and standard deviation
was determined, a standard score was computed for each individual. Each individual was then
grouped and categorized in relation to the other members within the distribution (Table 11). The
Shapiro-Wilk test for normality (SW = .904, df = 82, p <.001) and skewness -.100 (SE = .266)
and kurtosis .420 (SE = .526) statistics suggest that the assumption of normality was violated.
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Table 4.6

The Classification of Grid Soil Sampling Adopters Based on Innovativeness (n =
82)

Adoption Category

n

%

Innovators

2

2%

Early Adopters

10

12%

Early Majority

24

29%

Late Majority

31

38%

Laggards

15

18%

Note. Percentages do not add to 100% due to rounding error.
Likelihood of a Respondent Being an Autosteer Adopter or Non-Adopter
Objective five was to predict the interaction between adopters and non-adopters of
autosteer and the variables: farm size and age of row-crop producers. To satisfy this objective, a
logistic regression analysis was conducted to determine if the amount of acreage and the age of
the producers could be used to predict adoption (adoption or non-adoption) of autosteer status.
Before an analysis was conducted, the logistic regression assumptions of noncollinearity and
linearity were tested.
As it concerned noncollinearity, a variance inflation factor (VIF) value of 1.00 and a
tolerance value of .998 provides evidence of noncollinearity. According to Menard (1995), VIF
values greater than 10 and tolerance values less than .10 are an indication of multicollinearity.
Upon further investigation of collinearity diagnostics, a condition of the index value of 1.00,
2.24, and 6.46 was observed. Hahs-Vaughn (2017) posited that the condition of index values that
range from 10-to 30 indicated an issue with multicollinearity. With the above observed VIF,
tolerance, and condition index values, the assumption of noncollinearity was met.
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An assessment of linearity was conducted by re-estimating the model which included the
original predictors, interaction term of age and acreage, and their natural logarithm. The
interaction term for age was not statistically significant (age * ln(age), B = -.051, SE = .078,
Wald = .423, df =, p =. 515) which provided evidence for linearity. However, the interaction
term for acreage was statistically significant (acreage * ln(acreage), B = <.001, SE =.<.001, Wald
= 6.06, df =1, p =. 014), which indication of nonlinearity. Because the linearity assumption was
violated for the continuous independent variable of acreage, there exists a concern of obtaining
biased parameters estimates and a decrease in the Hosmer-Lemeshow test to detect a “lack of fit
in a situation where linearity is violated (Hahs-Vaughn, 2017).
After each assumption was tested, a logistic regression analysis was conducted to
determine whether autosteer adoption status could be predicted by age of producers and the
amount of total acreage. Good model fit was supported by a non-statistically significant Hosmer
and Lemeshow test, X2 (n = 110) = 6.55, df = 8, p =.586, and a small effect size when interpreted
using Cohen (1988) (Nagelkerke R2 = .168). Such results suggest that the predictors, as a pair,
can reliably distinguish between adopters of autosteer compared to non-adopters of autosteer.
Considering the two predictors in the model, the amount of acreage was the only statistically
significant predictor of autosteer adoption status (Wald = 6.71, df = 1, p = .010). The odds ratio
for acreage implies that for every one additional acre, the odds are about one time greater a
producer has adopted autosteer. The age of row crop producers as a predictor was not statistically
significant which implies that the odds of adopting or not adopting autosteer are the same
regardless of producers’ age. Table 12 below highlights the ratios and 95 % confidence intervals
for the odds ratios.
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Table 4.7

Summary of Logistic Regression Analysis Predicting Autosteer Adoption Status
95% CI for Exp(B)
B

SE

Wald

p

Exp(B)

-2.641

3.376

.612

.43

NA

Age

.246

.375

.428

.51

Acreage

.003

.001

6.710

.01

Intercept (constant)

Lower

Upper

1.278

.613

2.668

1.003

1.001

1.005

In summary, the logistic regression model accurately predicted 72% of the row crop
producers in our sample, with producers who had adopted autosteer slightly to be classified
correctly (89.5% for producers who adopted and 32.4% who did not adopt). To test whether the
overall logistic regression classification was suitable for autosteer, a Press’s Q was performed. A
Press’s Q is a chi-square statistic that contains one degree of freedom and can be used to verify
classification accuracy (Hahs-Vaughn, 2017). The calculated Press’s Q was 20.94, which is an
indication that the predictions based on the logistic regression model are statistically better than
when simply left to chance.
Likelihood of a Respondent Being a Precision Agriculture Adopter or Non-Adopter
Objective six was to predict the likelihood that farmers were adopters or non-adopters of
precision agriculture practices by the variables of farm size and age of row-crop producers. To
predict the likelihood of row crop producers adopting or not adopting precision agriculture
practices based on the producer's age and the amount of acreage farmed, a logistic regression
analysis was also used. Before the analysis was conducted, the logistic regression assumptions of
noncollinearity and linearity were examined.
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A VIF value of 1.00 (which is below the VIF value of 10 that indicates multicollinearity)
and a tolerance value of .988 (which is above the value of .10 indicates multicollinearity)
provided evidence of noncollinearity. Moreover, the collinearity diagnostics returned a condition
index value of 1.00, 2.24, and 6.46, respectively. Such numbers are below the range of concern
10-30 (Hahs-Vaughn) which further provides support that the assumption of noncollinearity has
been met.
Linearity was also assessed by re-estimating the model to include the original predictors,
and interaction terms that were calculated by taking the product of the continuous independent
variables (age of producers and amount of acreage producers farmed) and their natural logarithm.
The interaction term for age was not statistically significant (age*ln(age), B = .019, SE = .082,
Wald = .052, df =1, p =. 820) which provided evidence for linearity. However, the interaction
term for acreage was statistically significant (acreage * ln(acreage), B = <.001, SE =.<.001, Wald
= 6.45, df =1, p =. 011) which indication of nonlinearity. Because the linearity assumptions were
violated for the continuous independent variable of acreage, there exists a concern of obtaining
biased parameters estimates and a decrease in the Hosmer-Lemeshow test to detect lack of fit in
a situation where linearity is violated (Hahs-Vaughn, 2017).
After the assumptions analyses were performed, a logistic regression analysis was
conducted to determine whether precision agriculture practices could be predicted by age of rowcrop producers and the amount of total acreage they farmed. Good model fit was supported by a
non-statistically significant Hosmer and Lemeshow test, X2 (n = 110) = 9.97, df = 8, p =.256, and
a small effect size when interpreted using Cohen (1988) (Nagelkerke R2 = .163). A Nagelkerke
R2 = .163 for the full model suggests that 16.3% of variance experienced in the dependent
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variable can be explained by the independent variables of producers' age and amount of acreage
farmed.
Such results indicated that the predictors, as a pair, can reliably distinguish between
adopters of precision agriculture practices compared to non-adopters of precision agriculture
practices. Considering the two predictors in the model, only the amount of acreage was a
statistically significant predictor for whether a producer adopted or did not adopt precision
agriculture as a practice (Wald = 7.07, df = 1, p = .008). The age of row crop producers as a
predictor was not statistically significant which implies that the odds of adopting or not adopting
autosteer remained the same regardless of producers’ age. Table 13 contains the ratios, 95 %
confidence intervals for the odds ratios.
Table 4.8

Summary of Logistic Regression Analysis Predicting Precision Agriculture
Adoption
95% CI for Exp(B)
B

SE

Wald

p

Exp(B)

Lower

Upper

Intercept (constant)

.306

3.55

.007

.931

NA

Age

-.083

.393

.045

.833

.920

.426

1.988

Acreage

.003

.001

7.079

.008

1.003

1.001

1.006

Using Multiple Regression Analysis to Predict The Number of Precision Agricultural
Technologies Adopted
The seventh objective of this study was to predict the number of precision agricultural
technologies adopted by row-crop producers based on the variables of farm size, age, and
perceived innovations attributes (relative advantage, compatibility, complexity, observability,
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and trialability). Multiple linear regression was performed to examine if the number of precision
agricultural technologies adopted could be predicted by farm size, age, and perceived attributes
of precision agriculture. Before conducting the multiple linear regression analyses, the data were
examined for missing data and assumptions violations.
Responses that were missing for the variables in the questions were all removed. As a
result, the multiple linear regression analysis was performed among respondents (n = 100) who
had a complete response for the variables of farm size, producers' age, and precision agriculture
perceived attributes. The assumption check for linearity was performed by reviewing the partial
scatterplot of the independent variables (farm size, age, and perceived attributes of precision
agriculture) and the dependent variable (number of precision agricultural technologies adopted).
All partial scatterplots examine indicated linearity was a reasonable assumption with exception
of the partial scatterplot for farm size. Several of the points in the partial scatterplot for farm size
clustered outside of the absolute value of four indicating that the assumption of linearity may be
violated as it concerns farm size.
To test for normality, a Shapiro-Wilk test was conducted by using the unstandardized
residuals. The Shapiro-Wilk test for normality (SW = .860, df = 100, p<.001), skewness (1.054),
and kurtosis (-.009) statistics suggest that the assumption of normality was not met. In addition,
the assumption of independence was met. A Durbin-Watson test for independence involving
residuals was conducted to evaluate the independence of errors and it a value of 2.43 was
returned which is deemed an accepted value. A VIF value less than 10 (1.10) and tolerance value
greater than .10 (.912) were observed which provides evidence of noncollinearity.
The results from the multiple regression analysis suggested the number of acres
respondents farmed, age of the producers, and precision agriculture perceived attributes did not
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significantly contribute to the total variation as it concerned the amount of precision agricultural
technologies adopted, F(6,93) = 1.194, p = .317. However, the amount of acreage farmed by
row-crop producers was a significant predictor of the total amount of precision agricultural
technologies adopted (t= -2.28, df = 93 p = .019). Table 14 contains a summary of the multiple
linear regressions analysis and the predictors included. A partial correlation of -2.38 when
squared revealed that the amount of acreage farmed by producers explained 5.66% of the
variance observed in the number of precision agricultural technologies adopted.
Table 4.9

Regression Analysis Summary for Variables Predicting The Number of Precision
Agricultural Technologies Adopted (n = 100)
Variable

B

SE B

Constant

8.86

3.00

Acreage

0.00

0.00

Age

-.025

Relative Advantage

β

t

p

2.95

.004

-.250

-2.38

.019

.029

-.091

-.882

.380

.187

.255

.125

.734

.465

Compatibility

-.100

.294

-.060

-.340

.734

Complexity

-.012

.236

.007

-.051

.959

Trialability & Observability

.123

.194

.067

.637

.526
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CHAPTER V
CONCLUSIONS, DISCUSSIONS, AND RECOMMENDATIONS
Precision agriculture continues to play a significant role in crop production in the United
States (Shannon et al., 2018; Loewenberg-DeBoer, & Erickson, 2019). Even though the adoption
literature concerning precision agriculture is prevalent, adequate literature assessing the recent
adoption trends of precision agriculture in the Southern United States remains limited. The
purpose of this study was to investigate the precision agricultural practices adopted by selected
row-crop (soybean, wheat, corn, cotton, nuts, sweet potatoes, and rice) producers in Alabama,
Arkansas, Georgia, Louisiana, Mississippi, and Tennessee. Several conclusions and
recommendations based on the findings of this study will be presented in this chapter.
Conclusions of Row-Crop Producers’ Characteristics
The first objective of this study was to describe producers’ characteristics by farm size
and type of crop harvested. In previous precision agricultural adoption research, demographic
information has been used to explain and predict the rate of precision agriculture adoption
(Daberkow & McBride, 2003; Paudel et al., 2011; Poindexter, 2018). The farmer characteristics
found in this study closely resembled previous precision agricultural adoption studies. The mean
age of the respondents was 40.3 years of age (SD = 15.83) with the maximum age recorded as 87
years and the minimum 21 years. The total number of acres represented in this study was
349,574-row crop acreage (M = 2937, SD = 3781) across Mississippi, Tennessee, Georgia,
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Arkansas, Louisiana, and Alabama. The median acreage identified was 1600 acres with the most
selected acreage being 1,200 and 2,000 acres (f = 11), respectively.
When Poindexter (2018) investigated the adoption of auto-steer among 152 row-crop
growers in Mississippi, he found the mean age of farmers surveyed to be 48 years with a
maximum of 82 years and a minimum of 19 years of age. Paxton et al. (2011) collected precision
agriculture adoption information from 1,215 cotton producers in the southeastern states of
Alabama, Arkansas, Georgia, Louisiana, Mississippi, South Carolina Missouri, North Carolina,
South Carolina, Florida, Virginia, and Tennessee. They observed that the mean age of the
producers surveyed was 49 years old (SD = 1.2).
Additionally, 57% of producers surveyed in the study indicated that they were engaged in
soybean cultivation. The second most cultivated crop was cotton (55%) followed by corn (44%),
wheat (22%), peanuts (19%), rice (8%), milo (7%), and sweet potatoes (2%). Poindexter (2018)
saw similar results where he reported the majority of respondents were engaged in soybeans
(86%) followed by corn (80%), cotton (48%), wheat (23%), rice (16%), milo (9%), and peanut
(5%) cultivation.
Conclusions of Row-Crop Producers’ Perceptions of Precision Agriculture
The second objective of this study was to describe row-crop producers' perceptions of
precision agriculture. Rogers (2003) noted that relative advantage, compatibility, complexity,
observability, and trialability are the five perceived characteristics of an innovation. To measure
perceived attributes of precision agriculture, an 18 item, Likert-type instrument, with items rated
on a scale of 1 to 3 (1= “Disagree”, 2 = “Undecided or Unsure”, 3 = “Agree”) was developed.
Precision agriculture perceptions scores in our study ranged from 23-53.
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A significant relationship existed between how potential adopters view the characteristics
of an innovation and the rate of adoption (Tornatzky & Klein, 1982; Moore & Benbasat, 1991;
Rogers, 2003). Overall, row-crop producers’ perceptions towards precision agriculture (M =
41.9, SD = 7.4) were relatively high. The mean for the overall summated scale was slightly
below the median and mode of 44 on the 18-54 Likert scale. Such high scores indicate that
overall, producers had a positive attitude towards precision agriculture. These results are
consistent with previous precision agriculture adoption research. Adrian et al. (2005) surveyed a
similar population of 98 row-crop producers primarily from the southeastern United States who
attended an Alabama Cooperative Extension producers meeting. The authors found that row-crop
producers had a positive attitude towards precision agriculture.
In addition, respondents were asked five questions to measure the degree to which they
perceived precision agriculture as being advantageous. Scores were based on the same scale of 1
to 3 (1= “Disagree”, 2 = “Undecided or Unsure”, 3 = “Agree”) where the highest score on this
summated scale was 15 and the lowest 5. When asked to respond to expressions such as do you
think “using precision agriculture technologies increases my farm’s productivity”, “using
precision agriculture technologies increases my farm’s profitability”, and “the benefits of using
precision agriculture technologies outweigh its cost”, producers responded, more often than not,
by saying they agree (Mode = 15, M = 12.7, SD = 2.9) with the above statements.
One of the generalizations made by Rogers (2003) concerning relative advantage is that
“the relative advantage of an innovation, as perceived by members of a social system, is
positively related to its rate of adoption” (p. 233). Rogers (2003) further adds that most of the
research as it relates to the adoption of commercial agriculture innovations “centered on the
economic aspects of relative advantage” (p. 233). Pathak et al. (2019) supported this idea in a
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meta-analysis conducted on 34 peer-reviewed articles published on the adoption of precision
agriculture in the United States and Europe. The authors found that “relative advantage and
motivation were the most frequently mentioned factors affecting PA technologies adoption”
(Pathak et al., 2019, p. 1292).
Because farmers in this study possess a high perception of the relative advantage of
precision agriculture, a generalization that can be deduced from such findings— is that farmers
within this study find it better to use precision agriculture in contrast to not using precision
agriculture in their farming operations. In other words, the average row-crop producers found in
our study view precision agriculture as having a positive economic impact on their farming
operations. Additionally, such high perception can have a positive effect on the rate of PA
adoption.
The second sub-summated scale dealt with how row-crop producers perceived precision
agriculture as being compatible with their farming operations. Measuring such construct allows
researchers to understand how adopters and non-adopters view an innovation given their existing
farming practices and experiences. To measure the construct of compatibility, row-crops
producers were asked to rate their level of agreement or disagreement with the following
statements: “precision agriculture technologies are well suited for my farming operation;”
“precision agriculture technologies are consistent with my current management practices;”
“precision agriculture technologies do not suit my current farming operation;” “there are no
benefits to me in using precision agriculture technologies on my farm.” The scale ranged from 1
to 3 (1= “Disagree”, 2 = “Undecided or Unsure”, 3 = “Agree”), with the negatively coded
statements being reversed coded. The highest score a producer could receive using this
compatibility scale was 12 and the lowest score was 4.
65

When summated, the construct of compatibility, as a perceived precision agriculture
attribute, yielded a mean of 9.7, a median of 11.0, and a mode of 12.0 ( f = 43). Such scores
indicated that producers, more often than not, agreed that precision agriculture was compatible
with their farming operation. Rogers (2003) posited an innovation “that is more compatible is
less uncertain to the potential adopter and fits more closely with the individual's situation. Such
compatibility helps the individual give meaning to the new idea so that it is regarded as more
familiar” (p. 240). Farmers having a high view of compatibility is an indication that precision
agriculture suits the current row-crop management practices and is meeting the perceived
management needs of row-crop producers surveyed in this study.
The third sub-summated scale dealt with how row-crop producers in the six selected
states perceived the complexity of precision agriculture. As defined by Rogers (2003), the
complexity of an innovation is “the degree to which an innovation is perceived as relatively
difficult to understand and use” (p. 257). To better understand how participants in this study
understood the complexity of precision agriculture, the researcher posed the following questions:
“using precision agriculture technologies is time-consuming,” “precision agriculture
technologies are too complex for my farming operation,” “precision agriculture technologies are
easy to use on my farm,” “data privacy concerns limit my use of precision agriculture
technologies.” Scores were based on a scale of 1 to 3 (1= “Disagree”, 2 = “Undecided or
Unsure”, 3 = “Agree”) where the highest possible summated score was 12 and the lowest 4. The
summated scale for complexity had a coefficient alpha of .57 which indicates there is a reliability
issue for this summated scale; hence, results produced from this scale may not be repeatable.
Overall, the perceived precision agriculture attribute of complexity had a mean of 8.7 and
a median and mode (f = 23) of 9.0, respectively. This indicated that producers were unsure or
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undecided in forming a perception of the complexity of precision agriculture. This finding also
seemed to suggest that respondents viewed precision agriculture as being somewhat complex.
The complexity of precision agriculture has long been a concern for agricultural
researchers (Kitchen et al., 2002; Lavergne, 2006; Erickson et al., 2018; Ofori & El-Gayar,
2021). In a global analysis of social media discussions about precision agriculture, Ofori and ElGayar (2021) found that a significant number of producers and agricultural personnel viewed PA
as being costly and complex. Rogers (2003) indicated that “the complexity of an innovation, as
perceived by members of a social system, is negatively related to its rate of adoption” (p. 266).
The fourth sub-summated scale sought to understand how row-crop producers perceived
the trialability and observability of precision agriculture. Rogers (2003) defined trialability as
“the degree to which an innovation may be experimented with on a limited basis” and he further
defined observability as, “the degree to which the results of an innovation are visible to others”
(p. 266). Because the researchers were concerned with the length of the questionnaire (see
Appendix C), a decision was made to merge the constructs of trialability and observability into
one construct. This decision was deemed acceptable to the researcher because both constructs
measured the perceived visibility of precision agriculture.
To measure how row-crop producers perceived precision agriculture trialability and
observability, producers were asked to rate their level of agreement or disagreement with the
following statements: “adequate precision agriculture technologies trials or test runs are available
in my area”; “my decision to use precision agriculture technologies on my farm was based after a
trial was extended to me”; “before deciding whether to use precision agriculture
services/technologies, I had enough time to try the equipment or services”; “I have seen other
farmers successfully use precision agriculture technologies”; “I use precision agriculture
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services/technologies because other farmers have convinced me about the benefits of such
services”. Scores were based on a scale of 1 to 3 (1= “Disagree”, 2 = “Undecided or Unsure”, 3
= “Agree”) where the highest possible summated score was 15 and the lowest 5. The summated
scale for observability and trialability had a coefficient alpha of .49 which indicates there is a
reliability issue for this summated scale; hence, results produced from this scale may not be
repeatable.
Overall, the perceived precision agriculture attribute of observability and trialability had a
mean of 10.8 and a median and mode of 11 and 12, respectively. Such findings indicate that
growers in the study had a positive perception of observability and trialability toward precision
agriculture. In other words, precision agriculture had high visibility among respondents. Previous
research has shown that trialability and observability have a positive impact on the rate of
adoption (Rogers, 2003).
Conclusions of Adoption Status Among Row-Crop Producers
The third objective was to describe the adoption of precision agriculture technologies
among row crop producers in the six selected states as a percentage. The results indicated that
74% of the respondents (f = 126) can be classified as adopters of precision agriculture. Further,
another 80% of the respondents (f = 101) had applied a custom application of fertilizer,
chemical, or seeding, with 56% indicating they had employed a grid soil sampling technique, and
18% indicating they used management zones. Such findings are similar to Lowenberg-DeBoer
and Erickson (2019) who observed 70% of agricultural dealerships and retailers they surveyed
offered grid soil sampling and 55% offered management zones. Lambert et al. (2015) found a
slightly lower amount of cotton producers were using grid soil sampling. They observed that
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only 22% of the cotton farmers they surveyed in the 13 southern states had adopted grid soil
sampling (Lambert et al., 2015).
Managing soil nutrients is critical to row-crop production. Respondents who selected the
soil sampling technique of grid soil sampling indicated that on average they used a grid size of
2.5 acres ( f = 42 or 51%). This result is consistent with similar precision agriculture adoption
research. Lowenberg-DeBoer and Erickson (2019) noted that the average grid size used by
agricultural retailers and dealerships surveyed nationwide was the 2.5-acre grid (61%). Franzen
(2018) posited that producers are more likely to use a grid size of 2.5 due to the factors of time
and expense requirements.
Among the precision agricultural technologies in this study, autosteer, yield monitors,
and variable rate technologies were identified as the most used. Eighty-three percent of
respondents indicated they used automated GPS technology (autosteer), 66% used manual
guidance such as lightbar, 63% variable-rate prescription map, and 34% auto-sprayer boom
section or nozzle control. Poindexter (2018) noted that 75% of row-crop producers he surveyed
were using autosteer. Such findings are slightly up from previous research. Winstead et al.
(2010) surveyed row crop producers that had farming operations primarily in Florida and
Alabama. They found that 60 and 40 percent of the Alabama and Florida producers used manual
guidance (lightbar), respectively.
When the usage of automated GPS technology (autosteer) and yield monitors were
assessed, 35% of the producers used autosteer, and 45% indicated they were using yield monitors
(Winstead et al. 2010). Since then, automated GPS technology has seen an increase in use.
Erickson and Widmar (2015) observed that 82% of service providers surveyed were using
autosteer and 63 percent using manual guidance such as lightbar. In 2019, that number rose to
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90% of service providers offering autosteer, and in 2020 that number dropped back to 81% of
agricultural dealerships and retailers offering autosteer (Erickson & Lowenberg-DeBoer, 2020).
Conclusions on the Innovativeness of Row-Crop Produces as It Relates to Precision
Agriculture
The fourth objective was to determine the diffusion of precision agriculture practices
among row-crop producers to categorize adopters of precision agriculture based on their
innovativeness (innovators, early adopters, early majority, late majority, and laggards). Rogers
(1958) indicated that to use such a classification scheme, the data must be normally distributed,
and he suggests that if the data is not normally distributed, discretion must be used when
classifying adopters. The data used in this study to create adopter categories were not normally
distributed. However, Rogers (1958) indicated that “in skewed distributions, the use of standard
score may be utilized (with discretion) as the transformation of the raw data into standard score
tends to shape the distribution toward normality” (p. 352). Therefore, the findings and
classification were not ruled out because the raw scores when converted into standard scores
followed a normal distribution.
Moreover, due to an error that occurred with the survey software Qualtrics, the diffusion
and adoption practices could only be determined for grid soil sampling. The results indicated that
2 percent of producers could be classified as innovators, 12% early adopters, 29% early majority,
38% late majority, and 18% laggards. Rogers (2003) posited several generalizations concerning
the innovativeness of adopters where he stated:
Innovators—venturesome; early adopters—respect; early majority—deliberate;
late majority—skeptical; and laggards—traditional. The relatively earlier adopters
in a social system are no different from later adopters in age, but they have more
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years of formal education, are more likely to be literate, and have higher social
status, a greater degree of upward social mobility, and larger-sized units, such as
farms, companies, schools, and so on (p. 298).
In a study conducted among cotton farmers in 12 southeastern states, Walton et al. (2010)
observed that farmers who were “younger producers who farmed more cotton area, owned more
of their cropland, planted larger amounts of non-cotton area, used a computer for farm
management and used a Personal Digital Assistant (PDA) in the field” were significantly likely
to adopt grid soil sampling (p. 135). Such findings support Roger's (2003) generalizations that
early adopters tend to have larger farms, more years of formal education, and higher social
status.
When the cumulative number of grid soil sampling users was plotted over time, its rate of
adoption followed an “S-shaped” curve. Rogers (2003) stated when an innovation has been
adopted, it typically follows an “S-shaped” curve when cumulative adoption is plotted over time.
Our cumulative curve shows there was a gradual increase in the adoption of grid soil sampling in
the early 2000s with a sharp increase in 2015. Erickson and Lowenberg-DeBoer (2020) found
similar results in 2003, 2015, and 2020, 52%, 67%, and 92% of agricultural dealerships and
retailers were providing grid soil sampling services, respectively. When plotted on a cumulative
basis, both our results and Erickson and Lowenberg-DeBoer (2020) follow an “S-shaped” curve
which is an indication that grid soil sampling has been adopted.
Conclusions on the Likelihood of Row-Crop Producers Adopting Autosteer
Objective five was to predict the interaction between adopters and non-adopters of
autosteer based on the variables of farm size and age of row-crop producers. A logistic
regression analysis was conducted to determine whether autosteer adoption status could be
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predicted by age of producers and the amount of total acreage. Good model fit was supported by
a non-statistically significant Hosmer and Lemeshow test. Such results indicated that the
predictors, as a pair, can reliably distinguish between adopters of autosteer compared to nonadopters of autosteer.
Considering the two predictors in the model, the amount of acreage was the only
statistically significant predictor of autosteer adoption status. The odds ratio for acreage implies
that for every additional acre, the odds are about one time greater a producer has adopted
autosteer. The age of row crop producers as a predictor was not statistically significant which
implies that the odds of adopting or not adopting auto are the same regardless of producers’ age.
This contradicts Poindexter (2018) who found that both age and farm size were significant
predictors of autosteer adoption.
However, when D’Antoni et al. (2012) investigated the adoption of autosteer among
cotton producers in the southern region of the United States indicated that the amount of
educational attainment, income, and relative advantage, were significant predictors of autosteer
adoption. Over the years, there have been inconsistent results regarding the role age of row-crop
producers play in predicting the adoption of precision agriculture technologies (Lambert et al.,
2015; Castle et al., 2016; Pathak et al., 2019; Kolady et al., 2021). Rogers (2003) noted that
“there is inconsistent evidence about the relationship of age and innovativeness. About half of
the many previous diffusion studies on this subject showed no relationship, a few found that
earlier adopters are younger, and some indicate they are older” (p.288).
Conclusions on the Likelihood of Row-Crop Producers Adopted Precision Agriculture
Objective six was to predict the likelihood that farmers were adopters or non-adopters of
precision agriculture by the variables of farm size and age of row-crop producers. The logistic
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regression analysis revealed that a good model fit was supported by a non-statistically significant
Hosmer and Lemeshow test. Such results indicated that the predictors, as a pair, can reliably
distinguish between adopters of PA compared to non-adopters of precision agriculture practices.
The age of row crop producers as a predictor was not statistically significant which implies that
the odds of adopting or not adopting PA remained the same regardless of producers’ age.
However, acreage was a statistically significant predictor of whether a producer adopted or did
not adopt precision agriculture as a practice. Such a result does not contradict Pathak et al.
(2019) and Kolady et al. (2021) who found acreage to be a significant predictor of precision
agriculture adoption.
Conclusions on the Likelihood of Row-Crop Producers Adopting Precision Agricultural
Technologies
The seventh objective of this study was to predict the number of precision agricultural
technologies adopted by row-crop producers based on the variables of farm size, age, and
perceived innovations attributes (relative advantage, compatibility, complexity, observability,
and trialability). The results from the multiple regression analysis revealed the age of the
producers and perceived attributes of precision agriculture did not significantly contribute to the
total variation as it concerned the amount of precision agricultural technologies adopted. As with
the logistic regression analysis, the amount of acreage farmed by row-crop producers was a
significant predictor of the total amount of precision agricultural technologies adopted. The
results from the multiple regression contradict Tornatzky and Klein (1982), Moore and Benbasat
(1991), and Rogers (2003) suggested that a significant relationship exists between how potential
adopters view the characteristics of an innovation and the rate of adoption.

73

Summary
Overall, the majority of row-crop producers surveyed in this study had adopted precision
agricultural practices or technology. Respondents had a high perception of precision agriculture
and perceived PA as being advantageous and compatible with their farming operations.
However, producers also viewed precision agriculture as being somewhat complex. Concerning
the visibility of precision agriculture, producers in this study indicated they had ample amount of
opportunity to observe and try the different precision agricultural technologies that are available
to them. The age of the producers and how they perceived precision agriculture was not a
significant determinant of whether or not they had adopted precision agriculture. In contrast, the
amount of acreage a producer farmed was a significant determinant of whether they had adopted
precision agriculture. Further, the number of acres respondents farmed, age of the producers, and
precision agriculture perceived attributes did not significantly contribute to the total amount of
precision agricultural technologies adopted. However, the amount of acreage farmed by rowcrop producers in this survey was a significant predictor of the total amount of precision
agricultural technologies adopted.
Implications
The findings of this study revealed that a large number of row-crop producers were using
precision agriculture, autosteer, yield monitors, variable-rate prescription maps, and variable rate
technologies such as auto sprayer boom section control. With this understanding, local
educational institutions that offer precision agriculture may find utility in designing curricula and
competencies that ensure their researchers, instructors, and students are competent with the
applications of autosteer, yield monitors, variable-rate prescription maps, and variable rate
technologies. In addition, extension agents may find utility from knowing the most used
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precision agriculture technologies which may help strengthen their research priorities as it relates
to precision agriculture.
Producers in this study who had adopted grid soil sampling were grouped based on their
adopter category or innovativeness. Extension agents who plan and implement precision
agriculture outreach and demonstration programs on grid soil sampling may find Roger's (2003)
generalizations about the different adopter categories helpful when planning and implementing
their outreach programs. The majority of the growers in this study were grouped in the late
majority category. Many in this category often adopt a given technology after it has been tested
and tried and clear economic advantage can be observed.
Recommendations
Precision agriculture has the potential to improve the efficiency of agriculture (Shannon
et al., 2018). Findings in this study indicated that the majority of row-crops producers surveyed
had adopted some form of precision agriculture. Respondents also indicated that agricultural
dealerships, extension, and crop consultants were their primary source of precision agriculture
information. Erickson et al. (2018) posited that because precision agriculture can be timeconsuming and information-intensive, farmers typically capitalize on precision agriculture
through a service provider such as a crop consultant, agricultural dealership, or retailer. Because
this relationship exists between the producers and such services providers, it is recommended
that the university work closely with crops consultants, extension agents, and agricultural
dealerships to increase the awareness of new precision agricultural practices.
Our results also show that grid soil sampling has been adopted by the majority of the
individuals in our survey compared to other sampling techniques such as zone sampling or
traditional whole field approaches. Managing soil nutrients continues to be critical to row-crop
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production. Fertility outreach programs may find it beneficial to design programs that highlight
the different grid sampling techniques such as random, random cluster, systematic, staggered
start, and systematic unaligned (Franzen, 2018) to ensure producers are aware of the different
grid soil sampling methodologies.
Recommendations for Future Research
Lowenberg-DeBoer and Erickson (2019) concluded that precision agriculture has both
been adopted throughout the United States and globally. The findings in this study cannot be
generalized due to the study's limitations. However, the findings do seem to support LowenbergDeBoer and Erickson (2019) assessment of precision agriculture adoption. Eighty percent of
respondents indicated they had applied a custom application of fertilizer, chemical, or seeding.
Eighty-three percent of respondents indicated they used automated GPS technology (autosteer),
66% used manual guidance such as lightbar, 63% variable-rate prescription map, 34% autosprayer boom section or nozzle control, 56% grid soil sampling, and 17% management zones.
Because there is not a full adoption of the precision agriculture practices and precision
agriculture technologies identified above, future research may find it beneficial to understand
why some farmers were willing to adopt the different precision agriculture practices and
precision agricultural technologies and why some did not. Researchers should consider
investigating what factors influenced the adoption of precision agriculture other than age, farm
size, and perception toward precision agriculture. Future investigations should focus on how the
type of crop harvested, PA information source, PA services providers, region, and willingness to
pay for PA influence row crop producers’ decision to adopt precision agriculture.
Additionally, the average acreage represented in this study was 2937 acres which can be
considered a representation of larger farming operations. Farm size plays a key role in the uptake
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of precision agriculture and precision agricultural technologies. Research has indicated that
larger farms have a higher uptake percentage of PA compared to smaller farms (Thompson et al.,
2018; DeBoer and Erickson, 2019); as a result, most studies tend to survey larger producers.
Considering this, future PA adoption research should seek to stratify their sampling technique so
smaller farming operations are represented. Such research can help agricultural education
institutions and extension services better understand if there are barriers for smaller farm holders
when adopting precision agriculture.
Chlorophyll sensors, unmanned aircraft vehicles, variable rate pesticide application, and
variable rate irrigation prescriptions were identified by respondents as some of the least used
precision agricultural technology. Seventy-six percent of producers indicated they had never
used chlorophyll sensors, 63% variable rate pesticide application, 65% variable rate irrigation
prescriptions, and unmanned aircraft vehicles. Further research is needed to understand why
these technologies have such low usage. Lambert et al. (2015) and Miller et al. (2017) observed
that some precision agriculture technologies are offered in bundles. Future research should
investigate the effects bundling has on the rate of adoption of chlorophyll sensors, unmanned
aircraft vehicles, variable rate pesticide application, and variable rate irrigation prescriptions.
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From: Patterson Hilaire
Sent: Wednesday, July 24, 2019 12:54 PM
To: Bruce Erickson
Subject: Adoption Study

I hope you are having a great summer. My name is Patterson Hilaire a graduate student at
Mississippi State University, and I was listening to the Agriculture Technology podcast with Tony
Kramer and I heard you talking about the dealership adoption survey. Great talk and great study.
I went on to read some of your work in detail and I have appreciated the cohesiveness and
consistency.
I am hoping to conduct a similar study in the state of Mississippi. I want to investigate the
percentage of precision agriculture users among farmers in Mississippi by surveying both farmers
and dealers. With that said, and with your permission, can I use a modified version of your 2017
dealership survey to Mississippi ag dealerships? I will ensure that I cite and follow the proper
guidelines for using your survey as a foundation. I have enjoyed reading your work and I continue
to be impressed. Thank you for reading this email and I look forward to hearing from you.
Best regards,
PPH
Patterson,
You are welcome to pattern after our items. An Ontario survey used our questions as a starting
point, too, and then modified according to their needs.
Please find attached the 2019 survey in Word so you can easily edit or copy/paste.
Best wishes,
Bruce
Bruce J. Erickson, PhD
Agronomy Education Distance & Outreach Director
Department of Agronomy, Purdue University
2426 Lilly Hall of Life Sciences
915 W. State St., West Lafayette, IN 47907-2054
Office (765)494-7540
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Cell (765)404-6134
berickso@purdue.edu
https://ag.purdue.edu/agry/directory/Pages/berickso.aspx
https://ag.purdue.edu/agry/ADE/Pages/default.aspx
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Consent Form
Consent to Participate in The Adoption of Precision Agriculture In Mississippi Survey
Research
Principal Researcher: Patterson P. Hilaire
Faculty Advisor: Dr. Kirk Swortzel
INVITATION TO PARTICIPATE
You are invited to participate in a research study about precision agriculture adoption among
farmers and retailers in the state of Mississippi. You are being asked to participate in this study
because you either run a farming operation or an agricultural retailer such as a dealership or
consultant firm.
WHAT YOU SHOULD KNOW ABOUT THE RESEARCH STUDY
Who is the Principal Researcher?
Patterson P. Hilaire
Email: pph4@msstate.edu
Phone: 662-325-7696
Who is the Faculty Advisor?
Dr. Kirk Swortzel
Email: kirk.swortzel@msstate.edu
Phone: 662-325-7837
What is the purpose of this research study?
The purpose of this study is to determine what precision agriculture technologies have been
adopted among farmers and agricultural retailers in the state of Mississippi.
Who will participate in this study?
Agricultural retailers, selected row-crop (soybean, wheat, corn, cotton, peanuts, and rice
producers), and forage producers in the state of Mississippi.
What am I being asked to do?
Your participation will require the following:
Fill out a voluntary survey.
What are the possible risks or discomforts?
There is no known risk regarding this survey.
What are the possible benefits of this study?
Information in this survey will be used by researchers to improve precision agriculture research,
education, and outreach programs.
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How long will the study last?
This survey will take 8-10 minutes to complete.
Will I have to pay for anything?
There will be no cost associated with your participation.
What are the options if I do not want to be in the study?
If you do not want to be in this study, you may refuse to participate. Also, you may refuse to
participate at any time during the study.
How will my confidentiality be protected?
All information will be kept confidential to the extent allowed by applicable State and Federal
law.
Will I know the results of the study?
At the conclusion of the study, you will have the right to request feedback about the results. You
may contact the faculty advisor, Kirk Swortzel at Kirk.swortzel@msstate.edu or Principal
Researcher, Patterson P. Hilaire at pph34@msstate.edu.
What do I do if I have questions about the research study?
You have the right to contact the Principal Researcher or Faculty Advisor as listed below for any
concerns that you may have.
☐ I have read the above statement and have been able to ask questions and express concerns,
which have been satisfactorily responded to by the investigator. I understand the purpose
of the study as well as the potential benefits and risks that are involved. I understand that
participation is voluntary. I understand that significant new findings developed during
this research will be shared with the participant. I understand that no rights have been
waived by signing the consent form. I have been given a copy of the consent form.
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Q1. In what state is the majority of your farming operation located?

Q2. In 2021, did you use custom application methods (fertilizer, chemical, seeding) in your
farming operation?

o Yes
o No
Skip To: Question 5 If You Answered No to Question 2
Q3. Which of the following precision agriculture/site-specific technologies did you use for your
custom application? (Check all that apply).

▢
▢
▢
▢

Manual GPS Guidance
Auto sprayer boom section or nozzle control
Automated GPS Guidance (autosteer)
Variable-rate prescription map

Q4. What year did you first begin to use the precision/site-specific technology(ies) that you
identified above? (Please type your answer in below.)

Q5. In 2021, which of the following soil sampling techniques did you use? (Check all that may
apply.)

▢
▢
▢
▢

Did not soil sample (1)
Management Zone (2)
Grid Sampling (3)
Whole field approach (Traditional soil sampling) (4)
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Q6A.What year did you first begin using Grid Soil Sampling methods?

Q6B. What year did you first begin using Management Zones?

Q7.Please indicate if you have in the past or currently (2021) used any of these services listed
below at your farming operation.
Used

Currently Use

Never Used

Field mapping (with GIS)......................

o

o

o

VRT (variable rate technology) fertilizer
or lime
prescriptions.........................................

o

o

o

o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o

VRT fertilizer application.......................
VRT lime application.............................
VRT pesticide application.....................
VRT seeding prescriptions....................
VRT irrigation prescriptions................
Yield monitor ...................................
Satellite/aerial imagery…………………
UAV (Unmanned Aircraft Vehicle) or
drone imagery…………………………....
Guidance/autosteer…...............................
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Q8 In the section below, indicate the extent to which you agree or disagree with each statement:
Disagree (9)

Undecided or Unsure
(10)

Agree (11)

Using precision
agriculture
technologies
increases my farm’s
productivity. (1)

o

o

o

Using precision
agriculture
technologies
increases my farm’s
profitability. (2)

o

o

o

Using precision
agriculture
technologies is a
waste of my time. (3)

o

o

o

The benefits of using
precision agriculture
technologies
outweigh its cost. (4)

o

o

o

There are no benefits
to me in using
precision agriculture
technologies on my
farm. (5)

o

o

o

The cost of precision
agriculture
technologies is a
barrier to me using it
on my farm. (6)

o

o

o

Precision agriculture
technologies are well
suited for my farming
operation. (7)

o

o

o
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Precision agriculture
technologies are
consistent with my

o

o

o

o

o

o

current management
practices. (8)
Precision agriculture
technologies do not
suit my current
farming operation.
(9)
Undecided or

Disagree (6)

Unsure (7)

Agree (8)

Using precision
agriculture
technologies is time-

o

o

o

o

o

o

consuming. (10)
Data privacy
concerns limit my
use of precision
agriculture
technologies. (11)
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Precision agriculture
technologies are too
complex for my

o

o

o

o

o

o

o

o

o

o

o

o

farming operation.
(12)
Precision agriculture
technologies are easy
to use on my farm.
(13)
Adequate precision
agriculture
technologies trials or
test runs are available
in my area. (14)
My decision to use
precision agriculture
technologies on my
farm was based after
a trial was extended
to me. (15)
Q8 In the section below, indicate the extent to which you agree or disagree with each statement:
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Undecided or

Disagree (6)

Unsure (7)

Agree (8)

Before deciding
whether to use
precision agriculture
services/technologies,

o

o

o

o

o

o

o

o

o

I had enough time to
try the equipment or
services. (16)
I have seen other
farmers successfully
use precision
agriculture
technologies. (17)
I use precision
agriculture
services/technologies
because other farmers
have convinced me
about the benefits of
such services. (18)
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Q9. Please identify the crop you farm below:

o Wheat (1)
o Hay (2)
o Soybeans (3)
o Rice (4)
o Cotton (5)
o Corn (6)
o Peanuts (7)
o Sweet Potatoes (9)
o Alfalfa (12)
o Other (please specify) (10) ________________________________________________
Q11. How large is your farming operation? (Please indicate the total size of all land that you
operate in acres below. For example 15 acres.)

Q12. What is your birth year?

Q15. Of the total acreage of land that you farm, what is the number of acres harvested and
the amount produced for each crop listed below: (you may leave blank or mark x if you do
not grow any of the crops below.)
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Number of Acres
Harvested (1)

Corn

Wheat

Soybeans

Rice

Cotton and Cottonseed
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Average Yield per Acre (
For example 165 bu./ac)
(2)

Peanuts for Nuts (

Hay

Sweet Potatoes

Alfalfa

Other (please specify)

Q15. Would you like to enter the drawing for the $25 gift card?

o Yes
o No
Q15a. Please enter your email below to be included in the drawing.
________________________________________________________________
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Q16. Thank you so much for taking this survey!! If you have any additional comments
regarding precision agriculture or this survey, you can place them below:
________________________________________________________________
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